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Palestine Polytechnic University

Project Title

Studying & Design of Slopes of Eeen Sara Street
& resolving the problem of the collection of rainfall in it.

Project Team

Ahmad Herbawi Adnan Shoman
Mohammad Dawod Naser Bakri

Supervisor :
Eng. Musab Shaheen.

Abstract:

The purpose of this project is to treatment the problem of collecting raining water
in Ein Sara street that’s make difficulties in the move respect to road’s user .And that
road considered as most vital road in Hebron city and the road also considered as an
important main entrance to the city. Longitudina and transverse slops were studied ,
then finding out the critical points that’s making the problem as shown in figure
(4.16).And redesign the Longitudinal and transverse slops to be agree with the
specifications in the design as shown in figures (4.1 to 4.15).And respect to the new
slops of the road, the storm water collection was designed to reserve that region .And
the figures (5.4 to 5.13) are explaining the proposed design of the storm water
collection .This project is an application for engineering and technical specifications
that have to be considered in drainage systems of highways, the project consist of

\4



theory and calculations. chapters as shown in the project scope, the project has two
parts: field work and office work.

This project is one of the engineering and technical applications to the
specification that have taken in the designing of the storm water collections and the
designing slops to the road.

May-2011
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Laalusall Jlee V)

el (8 Apnnlalina 5 Sl il gal) ) JS il A2
Ll ) Sl (g pead) S all & 5 a2e XS5 (EDM Station ) oebdll ddasa (358 Ll 5 5 5T
O
¢ 2 Al ok e clilad) 8 e 1283 (S

oy = Vual = ol + &+ (DX b ppm)?

.................... (1)
.D ¥

el e iz
i,

. kel dd b& a

:(traverse) -

) A e oy sl ll il i) e oy

A

AzAfs_tan_l(_)"'C ........................................................................................ ( - )
A

Az 100-200 = tAN _l( —)+C

159267.04 —159501.415

A =tan™ +180°
7 100-200 (104230.71—104255.736)

A =110'52'27.4" ~110°52'27"

Z100-200

Azzoo-soo = Azzoo-mo +a



Aalied) Jlac)

A =11052'27" +180" +9546'26" = 26°38'53"

Z 200-300

Az 300-200 = Pz 200-300 +180" +a
Ay o500 = 26°38'53" +180° +152°52'38" = 359°31'31'

A, +180° +a

400-500 A230074oo

=359°31'31' +180° +199°11'43" =18°43'14"

Z 400-500

AZ 500-600 AZ400—500 + 180 +a

A =18'43'14" +180" +161°29'26" = 0'12'40"

Z 500-600

Az o010 = Pzsoeoo T180° +2
A gm0 = 0712'40" +180" +192°17'24" =1230'04"

Az 100-800 = Pze00-700 +180" +a
A, 100500 =12730°04" +180° +157°45'13" = 350°15'17"

AZ 800-900 AZ700—800 +180° +a
A =350'15'17" ~180" +304°35'55' = 114'52'29"

Z800-900

AZ 900-1000 A28007900 +180 +a

A, 400100 =114752'29" +180° +92°18'47" = 27°11'16"
(Calculated ) Y G @A) s 3y 5k e Al 30 8
- 5AY)
Az 500 1000 e tan™(—)+c

159946.04 —159858.51

=tan™ +0
A2 6001000 (105221.11-105050.99’

Az 900-1000 e 27°13'36"

LL:'A k_\La.nA ?3:\‘5
(Given)
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Angular - misclosar = Given — Calculated

Angular - misclosar = 27713'36” —27°11'16" = 0°2'20"

20 Asbead) Can Loy Galands b alisall 353l plai 3 W53l 4 - seansal

d =60"*+/8 =0°2'50"

O dalid) 5 i1 alail 4y & sensall Uadll e IS abiaall Ul 5 5

(Departure) Jwddll s (Latitude) (il qilua ; LG

LA = D  C0S A ) oo, (-)
DED = DXSIN(AL) ..o (-)
(Departure) Jseiill 5 (Latitude) G il clas (- )

Line Length Azimuth Lat Dep
200-300 . 26°38'53"
300-400 . 359°31'31" . -1.394
400-500 . 18°43'14"
500-600 . 0°12'40"
600-700 . 12°30'04"
700-800 . 350°15'17" - . 23.235
800-900 . 114°52'29" -

Sum . 661.368 591.411
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a5y cldlaay)

Al Y aleall s clfilaay) Gl Al
X = X At DS A o e e e (-)

e =Y A D 008 A e oo e e (-)

adaall Loy ) Jaliil a8 200 Y1 clBlaayl (- )
Station Easting Northing

il cilaa) s
Xopo =159435.212 + 466.522 *s5in114°52'29" =159858.45

Y,,, =105246.836 + 466.522 * cos114'52'29" = 105050.60

Cldlaay)
X0 =159858.51
Yq0o =105050.99
(Calculated ) LY o Gl Gl 335k e aliad) 8 3Me Y Usd e 20y

: _aY) Lall (Given) alilayl



daluadl Jlac V)

Misclosure in Easting AX =159858.51 —159858.45 = 0.06

Misclosure in Northing AY =105050.99 —105050.60 = 0.39

d = \JAX® + Ay? (-)

d =+/0.06* +0.39° =0.395

Cbaadd 3 Aabiall 5 il aUas A el JAla 4 7 sensal)

d=00006L+0.2 (-)

d =0.0006*1518.732+ 0.2 =1.111

A 7 sanall Ladll (e IS aliaall cililoal i @3ley) Uas

Glflaa) muaal

Least ) s_mall Clay jall 44 jla aladin) 23 38 5 ¢ aliaall Loy ) Llds Cildlaa) musaatl (§ la sac s

Aa)  (Most Probable Value) Legll sy 44,k WY (square Method
) iyl g5l bl za LY cililaay)
Jaa de e (S

Galal) Yol Ll Sy g tea M) ¥ alaa o A8kl 038 b Lealadind 2t ) oY sl
Gk 0 Llid (Sars Ll L Alulids Gk e day g Aka OVala G Vo) o2
S Yaled) Bk ce Leda s il siadll



Laalusall Jlee V)

.(Unknown matrix) Julael 48 sias e 5 ke a1 X
Ao 8l b o Alulide 3yl e alay) By aea il el Jalae A8 sae (o 3 jle 81

ciglaay) day

.(Jacobean matrix)

.(Residuals Matrix) <tégall 28 sas 1V

(Observation matrix) 'K
(Weighted Matrix) W
sl Jaldl) Jas

Lia 33k (e Bale Gldlaay) Clua o5

Vbl o2 le (g jrall Clay jall 48 jla a5 L Juald Jae & da ) Y alaa L)
s L Jald Jae 5 Al bl (5 sl (e Adliall aia ) Alalas L&) 2y

F(xi,yi,xj,y].):\/(xj =) (Y =Y ()

ox 1
F _ W,
R
OF _ XX
ox, 13
F Y-y
8yj 1J

q :Ale _AZIB
q=tant

d Jalis Jac

5 1ok e g3l aea ) Alilae oL s



Aalied) Jlac)

15x12

OF _yi-y, Y-V
OX; IB® IF?
oF _ X, — X _Xf - X
oy, B2 IF2
J Matrix :
aFl aFl aFl a Fl ............ 6 Fl 6 Fl
adXSOO adySOO adx400 ady4oo adxﬂOO 6dy800
oF, ok, oF, o ok OR
6dX300 ady300 aCIX400 ady400 adxﬁoo adyS[J[J
J=
( 13)( 13)( 13)( 13) ............ ( 13)( 13)
ad)(300 ady300 adXAOO ady400 adX{iUU adySOO
( 15)( 15)( 15)( 15) ............ ( 15)( 15)
ad)(300 ady300 8 X4OO ady&lOO adx800 6dy800
W Matrix :
iz Zerof
S
1
52
1
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1
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1
=
1
? 1
W: 7
1
T
T
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1
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1
S2
1
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1
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K Matrix :

UL
| |
N-n & n

iy

S

_F15 - Flso

11541

X Matrix :
dx300

dy 300

dX 400

dy 400

dx 800

_dyeoo ]

12x1

V Matrix :
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(Adjust) ladily prsail) Gl o

Number of Control Stations 4
Number of Unknown Stations 6
Number of Distance observations 7
Number of Angle observations 8

Number of Azimuth observations 0

Initial approximations for unknown stations Error! Not a valid link.

Control Stations

Error! Not a valid link.

Distance Observations

Error! Not a valid link.

Angle Observations

Error! Not a valid link.

Jand K MATRICES -- Iteration: 1 Error! Not a valid link.
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0.448511

0.893777

0.008287  -0.999966

0

0

0

0

0

1042.2151

0

0

0

0

0

-522.9995

0

-0.008287

-0.32096

0

0

0

0

0

-2268.4377 512.83687 1226.2226

1226.2226

0

X MATRIX -- Iteration: 1

-

0.049151

N

-0.025035

w

0.125852

IN

-0.024150

&

0.208015

o

-0.051848

~

0.287518

©

0.357562

©

0.490778

10 0.31272Z

11 0.58816¢

12 0.419267

10.16263

0

-2409.1993 390.73593 1182.9768 -400.89856

1182.9768

0

0

0

0.999966

-0.947093

0

0

10.16263

-400.89856 -2799.9951 406.85667 1617.0183

0

0

0

0.32096

-0.003685

0

0

1617.0183

0

0

0

0

0

0.947093

-0.999993

0

0

-5.95811

0

0

0

J and K MATRICES -- Iteration: 2

0

0

0

0.003685

-0.216459

0

0

0

0

0

0

0

0.999993

-0.976292

0

0

-5.95811

0

0.216459

0.169268

0

0

-2343.5935 167.05138 726.57515

726.57515 -161.09327 -2207.5378

0

0

0

0

1480.9627

0

0

0
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-0.98557

0

0

-161.09327

-93.256132 1480.9627

254.3494

0

0

-0.169268

-0.907569

0

0

0

0

0

0

0.98557

0.419902

0

0

0

0

0

254.3494

-1295.2648 147.01468

-185.6979

-401.36409

-0.000474

0.000224

0.000119

0.000134

0.000083

-0.000759

0.113539

-0.258867

0.950142

-1.985805

1.547754

-0.172125

0.060534

89.800061

-306.76134
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0.44879

0.007831

0

0

0

0

0

1042.0538 -523.32542

0.893637

-0.999969

0

0

0

0

0

0

-0.007831

-0.321457

0

0

0

0

0

-2268.279 513.72199 1226.2251
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0

X MATRIX -- Iteration: 2

-

-0.000004

N

-0.000008

w

-0.000004

IN

-0.000025

&

-0.000011

o

-0.000047

7 0.000238

8 -0.000482

9 0.000221

10 -0.00055¢

11 0.000316

12 -0.00067¢

9.603428

0

-2408.9901 391.91582 1182.7649 -401.51924

1182.7649

0

0

0

0.999969

-0.946924

0

0

9.603428
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0

0

0

0.321457

-0.004294

0

0
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1611.8371

0

0

0

0

0

0.946924
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0

0

-6.92141

0

0

0

J and K MATRICES -- Iteration: 3

0

0

0

0.004294

-0.217193

0

0

0

0

0
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0

0

0

0
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0

0
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0

0

0
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0.16845

0

0

0
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0

0
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0

-0.16845

-0.907003

0

0

0

0

0

0

0.98571

0.421124

0

0

0

0

0

-0.000152

-0.000044

-0.000042

-0.40959

-0.000215

-0.08933

0.470865

-64.578468

-28.79171

-16.225287

-15.864657

-29.366036

-91.318075 1480.2182 252.95679 -16.246609

1480.2182 252.95679 -1293.8373 148.46444 -16.697858

0

0

-186.38092 -401.42124 -29.049024
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0.44879
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0

0

0

0

0

1042.0539 -523.32545
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-0.999969

0

0

0

0

0

0

-0.007831

-0.321457

0

0

0

0

0

-2268.2792 513.72202 1226.2253

1226.2253

0

X MATRIX -- Iteration: 3

1 -0.000000

2 0.000000

3 -0.000000

4 0.000000

5 -0.000000

6 0.000000

~

-0.000000

©

-0.000000

©

-0.000000

10 -0.00000C

11 -0.00000C

12 0.000000

9.603428

0

0

0.999969

-0.946924

0

0

9.603428

0

0

0.321457

-0.004296

0

0

-2408.9904 391.91587 1182.7651

1182.7651

0

0

-401.5193

0

INVERSE MATRIX

-2794.6076 408.44389 1611.8425
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0

0

0

0

0
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-0.999991

0

0

-401.5193

-6.924588

0

0

0

0

0

0

0.004296

-0.217193

0

0

0

0

0

-2338.2959 168.56335 726.45339

726.45339 -161.63877 -2206.6731

0

0

0

0

0.999991

-0.976129

0

0

-6.924588

0

0

0

0.217193

0.168449

0

0

0

0.976129

-0.98571

0

0

-161.63877

0

-0.168449

-0.907004

0

0

0

0

0

0

0.98571

0.421123

0

0

0

0

0

-0.000143

-0.000026

-0.000019
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-0.000137

-0.089198

0.471436
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-16.225234

-16.268337

-28.962522

-91.317477 1480.2198 252.95624 -16.356998
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0

0

-1293.839 148.46568 -16.374682

-186.38073 -401.42192

-29.26156
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Adjusted Distance Observations

Error! Not a valid link.

Adjusted Angle Observations

Error! Not a valid link.

Adjustment Statistics
Iterations = 3

Redundancies = 3

Reference Variance = 132.705

Reference So = +11.5

Failed to pass X2 test at 95.0% significance level!

X2 lower value = 0.22
X2 upper value = 9.35

L) Jalid it syl (- )

Station X Y Z
300 159,346.43 | 104,388.78 | 911.194
400 159,345.11 | 104,556.98 | 901.119
500 159,398.19 | 104,713.36 | 905.693
600 159,398.74 | 104,841.32 | 914.512
700 159,458.94 | 105,111.86 | 915.124
800 159,435.80 | 105,247.26 | 917.485
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Station Horizonta Horizontal Angel Vertical Angel Instrument Prism Besar ien
at to |l Distance|degree min |sec |degree min |sec height height
200 14.232 134 47 6 89 25 35 100
300 La 200
200 14.229 134 47 39 89 25 51 GPS
300 300
200 Ll
14.231 134 48 7 89 25 52 1.52 1.65
300
200
300 14.225 134 47 25 89 25 53
mean
14.229 134 47 34 48
300 166.073 137 53 13 88 8 15 350
350
300 oy il
166.073 137 53 40 88 8 [0}
350 Jalallo gl
300
166.074 137 53 9 88 8 10 1.57 1.65
350
300
166.077 137 2
350 66.0 3 53 o 88 8 5
mean
166.0743 137 53 21 88 8 8
350 21.98 153 20 (o] 118 47 50 490
400 e
350 21.98 153 20 20 118 47 15
400
—ana Yl
350 21.98 153 20 10 118 48 35 1.522 1.65 et
400
350
200 21.98 153 20 40 118 48 10
mean 21.98 153 20 | 17.5 118 47 | 57.5
400 500
500| 146.265 183 1 50 89 7 27
400
500( 146.249 183 1 30 89 7 27 apa )l
400 1.7 1.8
500| 146.252 183 1 45 89 7 27 : :
400
500| 146.246 183 1 20 89 7 27
mean
146.253 183 1 36 89 7 27
00 165.135 198 48 4 88 20 59 600
600
500
165.137 198 48 28 88 21 46 .
600 Ll ) sganl
Jalaly
500 165.137 198 48 9 88 20 58 1.635 1.8 N
600
500 165.136 198 47 20 88 21 43
600
mean 165.136 198 48 [0} 88 21 | 21.5




Station Horizonta Horizontal Angel Vertical Angel Instrument Prism B ten
at to || Distance|degree min |sec |degree min [sec height height
600 127.56 161 29 4 86 1 31 700
700
600 sl
127.551 161 29 27 86 1 28
700 agall
600 Aol
700 127.557 161 29 27 86 1 34 1.505 1.55 i
600 127.563 161 29 44 86 1 28
700
mean 127.558 161 29 | 25.5 86 1 30.3
700 277.158 192 17 30 89 52 17 800
800
SYNEN|]
700 277.154 192 17 24 89 52 14 8
800
700
277.155 192 17 27 89 52 24 1.49 1.5
800
700 277.156 192 17 15 89 52 11
800
mean 277.1558 192 17 24 89 52 16.5
800 137.263 157 45 18 89 3 3 900
900
800 137.263 157 as | 20 89 3 9 happy)
900 (bunny
800 137.263 157 45 1 89 3 10 1.59 1.5
900
800 137.278 157 45 13 89 3 11
900
mean 137.2668 157 45 13 89 3 8.25
900 431.418 305 9 54 80 17 1 1000
1000
900 Amanll
431.419 305 9 31 80 17 7 .
1000 iy yall
900
431.418 305 9 47 80 17 7 1.51 1.6
1000
900 431.422 305 9 37 80 17 9
1000
mean 431.4193 305 9 42 80 17 6
1000 35.681 172 54 0] 87 44 [0} 1100
1100
Aaxaall
1000 35.672 172 53 20 87 45 25 T
1100 P A nal)
1000 35.69 172 53 40 87 44 5 GPS
1100
1000 35.695 172 54 [0} 87 44 50
1100
mean 35.6845 172 53 45 87 44 20




Station |Horizonta Horizontal Angel Vertical Angel Instrument Prism B
at | to |lDistance|degree [min [sec [degree |min |sec height [ height
1100 98 57 5 1200
1200 ot
1100 98 | 58| 35 e
1200 Cagua
1100 98 57 29
1200
1100 98 | 58 | 20 ot
1200 GPS
mean 98| 57 52
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Station Range: Start: 0+000.00, End: 0+916.71

Vertical Curve Information:(sag curve)

PVC Station: 0+117.45 Elevation: 900.865m
PVI Station: 0+129.36 Elevation: 901.080m
PVT Station: 0+141.27 Elevation: 901.452m
Low Point: 0+117.45 Elevation: 900.865m
Grade in(%): 1.80% Grade out(%): 3.12%
Change(%): 1.32% K: 18.000m
Curve Length: 23.821m  Curve Radius 1,800.000m

Headlight Distance:

Vertical Curve Information:(crest curve)

PVC Station: 0+491.49  Elevation: 912.394m
PVI Station: 0+507.97  Elevation: 912.909m
PVT Station: 0+524.46  Elevation: 913.122m
High Point: 0+524.46  Elevation: 913.122m
Grade in(%): 3.12% Grade out(%): 1.29%
Change(%): 1.83% K: 18.000m
Curve Length: 32.968m Curve Radius 1,800.000m
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Passing Distance: 860.784m  Stopping Distance: 379.336m

Vertical Curve Information:(sag curve)

PVC Station: 0+750.51 Elevation: 916.044m
PVI Station: 0+760.00 Elevation: 916.167m
PVT Station: 0+769.49 Elevation: 916.389m
Low Point: 0+750.51 Elevation: 916.044m
Grade in(%): 1.29% Grade out(%): 2.35%
Change(%): 1.05% K: 18.000m
Curve Length: 18.985m  Curve Radius 1,800.000m

Headlight Distance:
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Station Horizonta Horizontal Angel Vertical Angel Instrument Prism Besar ien
at to |l Distance|degree min |sec |degree min |sec height height
200 14.232 134 47 6 89 25 35 100
300 La 200
200 14.229 134 47 39 89 25 51 GPS
300 300
200 Ll
14.231 134 48 7 89 25 52 1.52 1.65
300
200
300 14.225 134 47 25 89 25 53
mean
14.229 134 47 34 48
300 166.073 137 53 13 88 8 15 350
350
300 oy il
166.073 137 53 40 88 8 [0}
350 Jalallo gl
300
166.074 137 53 9 88 8 10 1.57 1.65
350
300
166.077 137 2
350 66.0 3 53 o 88 8 5
mean
166.0743 137 53 21 88 8 8
350 21.98 153 20 (o] 118 47 50 490
400 e
350 21.98 153 20 20 118 47 15
400
—ana Yl
350 21.98 153 20 10 118 48 35 1.522 1.65 et
400
350
200 21.98 153 20 40 118 48 10
mean 21.98 153 20 | 17.5 118 47 | 57.5
400 500
500| 146.265 183 1 50 89 7 27
400
500( 146.249 183 1 30 89 7 27 apa )l
400 1.7 1.8
500| 146.252 183 1 45 89 7 27 : :
400
500| 146.246 183 1 20 89 7 27
mean
146.253 183 1 36 89 7 27
00 165.135 198 48 4 88 20 59 600
600
500
165.137 198 48 28 88 21 46 .
600 Ll ) sganl
Jalaly
500 165.137 198 48 9 88 20 58 1.635 1.8 N
600
500 165.136 198 47 20 88 21 43
600
mean 165.136 198 48 [0} 88 21 | 21.5
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Station Horizonta Horizontal Angel Vertical Angel Instrument Prism B ten
at to || Distance|degree min |sec |degree min [sec height height
600 127.56 161 29 4 86 1 31 700
700
600 sl
127.551 161 29 27 86 1 28
700 agall
600 Aol
700 127.557 161 29 27 86 1 34 1.505 1.55 i
600 127.563 161 29 44 86 1 28
700
mean 127.558 161 29 | 25.5 86 1 30.3
700 277.158 192 17 30 89 52 17 800
800
SYNEN|]
700 277.154 192 17 24 89 52 14 8
800
700
277.155 192 17 27 89 52 24 1.49 1.5
800
700 277.156 192 17 15 89 52 11
800
mean 277.1558 192 17 24 89 52 16.5
800 137.263 157 45 18 89 3 3 900
900
800 137.263 157 as | 20 89 3 9 happy)
900 (bunny
800 137.263 157 45 1 89 3 10 1.59 1.5
900
800 137.278 157 45 13 89 3 11
900
mean 137.2668 157 45 13 89 3 8.25
900 431.418 305 9 54 80 17 1 1000
1000
900 Amanll
431.419 305 9 31 80 17 7 .
1000 iy yall
900
431.418 305 9 47 80 17 7 1.51 1.6
1000
900 431.422 305 9 37 80 17 9
1000
mean 431.4193 305 9 42 80 17 6
1000 35.681 172 54 0] 87 44 [0} 1100
1100
Aaxaall
1000 35.672 172 53 20 87 45 25 T
1100 P A nal)
1000 35.69 172 53 40 87 44 5 GPS
1100
1000 35.695 172 54 [0} 87 44 50
1100
mean 35.6845 172 53 45 87 44 20
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Station |Horizonta Horizontal Angel Vertical Angel Instrument Prism B
at | to |lDistance|degree [min [sec [degree |min |sec height [ height
1100 98 57 5 1200
1200 ot
1100 98 | 58| 35 e
1200 Cagua
1100 98 57 29
1200
1100 98 | 58 | 20 ot
1200 GPS
mean 98| 57 52
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(Departure) Jwiall 5 (Latitude) Gl clus
liadl Loy Ll masatl) 08 330531 cllasy)
Loy 1 Ll dleall calilasy)
Al danS Gl Jalaa

3 sall daliie iy ()

Table (5.2) Runoff Coefficient
Storm Water Drainage Design Calculation

Sheet For ean sara street line A
Storm Water Drainage Design Calculation

Sheet For ean sara street line B

(-)
(-)
(-)
(-)
(-)
(-)
(-)
(-)
(-)
(-)
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