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Abstract

RECONSTRUCTION AND DESIGN FOR (DAHYAH AL-RAMAH AND ROAD
NUMBER 35) STREET

Project Team

Osayd Jebreel Shweiki Motasem Asem Jabari

Mostafa Borhan Jabari

Palestine Polytechnic University 2011

Supervisor

Eng. Faydi Shabanah

Our project is mainly deal with the reconstruction " qualification " and the redesigning of
( Dahyah Al-Ramah & road number 35) street, the importance of this street which lies in a very
virtual area in Hebron cannot be neglected because it connects the major roads of Hebron city with

street 35, as well as it contains several schools and different factories.

This project is a real application of the engineering and technical specifications which have to
be considered in highway design, the project contain theoretical perceptions as well as deep

calculations chapters which shown through the project parts.
The project divided into two parts: the first is the field work and other is the office work , it

worth mention that the plans of the project contains: Horizontal plan, profile, horizontal and vertical

curves, cross sections and the mass whole diagram.
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a0,

4 ad
D ra

E:

Al o Uaal dalee 3-2 daleall

Where e is the uncertainty in the direction due to the target centering error
Bat =2 D% . Bt (206264.8)

Where :
Bt = the angular error due to the target centering error.
D1&D2 =are the distances from the target to the instrument at stations 1 and 2.

oSlall S A Uadd) s g3l tha(5-2) Jsal

pLlgsl ald b Uad 5-5-2

sl Beld HISE Cilye dae e adiads, aalll Bleas Sleall 48y o o apnsilly el 3 Ul as
D42 Aladl e s, clandll

_ Bpx/2
~

bap

Wl Gl o Uadd dlalas 4-2 Aoladl

Where :
Bp= are the estimated errors in paintings’ for the first repetition,
n= number of reading
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Sle 8l 6-2

GPS Slea Gk o bavay o 3l clelill el (1-2) Jsaal

ST NO. Easting Northing
1300 160105.18 107103.741
1200 160168.942 107076.434
200 161269.761 107803.151

100 161262.437 107868.2928
GPS jlea alaiuly e all(1-2) Jsaal

IS0 AaY) Ailaal) 5 38890 45l aay &5 s lasall L laay & 3 @le )l (2-2)Jsand) (LS
el 283 e Jpandl Glld 5 eyl Aass

BS ST FW H. angle H. Distance
1300 1200 1100 68 | 51 15 69.390
1300 1200 1100 68 51 9 69.396
1300 1200 1100 68 | 51 7 69.396
1300 1200 1100 68 51 10 69.393
1200 1100 1000 239 | 56 | 31 90.855
1200 1100 1000 239 | 56 27 90.855
1200 1100 1000 239 | 56 32 90.856
1200 1100 1000 239 | 56 | 32 90.855
1100 1000 900 198 | 17 40 187.677
1100 1000 900 198 | 17 | 51 187.678
1100 1000 900 198 | 17 46 187.675
1100 1000 900 198 | 17 | 48 187.677
1000 900 800 140 | 18 | 24 152.138
1000 900 800 140 | 18 | 31 152.138
1000 900 800 140 | 18 31 152.140
1000 900 800 140 | 18 | 31 152.138
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900 800 700 210 | 29 12 93.880
900 800 700 210 | 29 | 24 93.878
900 800 700 210 | 29 14 93.877
900 800 700 210 | 29 18 93.880
800 700 600 164 | 42 | 21 135.075
800 700 600 164 | 42 | 23 135.082
800 700 600 164 | 42 | 23 135.078
800 700 600 164 | 42 | 22 135.080
700 600 500 184 | 40 | 46 167.681
700 600 500 184 | 40 | 21 167.682
700 600 500 184 | 40 | 19 167.680
700 600 500 184 | 40 | 20 167.683
600 500 400 173 | 5 33 125.120
600 500 400 173 | 5 23 125.122
600 500 400 173 | 5 26 125.124
600 500 400 173 | 5 40 125.121
500 400 300 174 | 40 | 50 127.960
500 400 300 174 | 40 | 53 127.959
500 400 300 174 | 40 | 57 127.960
500 400 300 174 | 40 | 49 127.958
400 300 200 191 | 7 51 137.635
400 300 200 191 7 50 137.636
400 300 200 191 | 7 49 137.638
400 300 200 191 7 50 137.639
300 200 100 114 | 15 7 163.850
300 200 100 114 | 15 | 43 163.852
300 200 100 114 | 15 1 163.850
300 200 100 114 | 15 | 37 163.850

cllanall @l Gloal Gl b bacay & il cls il (2-2) s
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2l (a8 pempall REY) Ll g3l i e (3-2) 2l

BS ST FW H. angle H. Distance
1300 1200 1100 68 | 51 41 69.39375
1200 1100 1000 239 | 56 | 30.5 90.85525
1100 1000 900 198 | 17 | 46.25 187.67675
1000 900 800 219 | 41 | 30.75 152.1385
900 800 700 210 | 29 17 93.87875
800 700 600 164 | 42 | 22.25 135.07875
700 600 500 184 | 40 | 26.5 167.6815
600 500 400 173 | 5 30.5 125.12175
500 400 300 174 | 40 50 127.95925
400 300 200 191 | 7 50 137.637
300 200 100 114 | 15 22 163.8505

Ol (g 83 gumyall 2aY) lilisall 5 LI Jane (3-2) Jsan

AZ =tan‘1£+C
AN

AZ 13001200 = tan

L, 7.213

—62.884

WCBi3001200 =113°1101

=°2723.7
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Bowditch method da,k— 1
(adjust z=liy) least square 4sl— 2
AutoCAD Civil 3D 4dayl 3
Bowditch method  aladiuly cilaliaal) ciliiaa) pUad) pauai 1-7-2
gl 3 Jaghdl) Cilal) cilua
— Al A e 1ol Jaghaall Calaiy) Clas S



+68°5141°

182°02 42

- 180°0000°

WCBlZOQllOO =02°02'42"

+239°5630.5

241°5912.5

- 180°0000°

WCBnoqwoo =61°5912.5"

+198°17 46.25"

260°1658.7°

- 180°0000°

WCBmoogoo =80°1658.7"

+140°1829.25°

220°3528"

- 180°0000

WCBgpgg00 = 40°3528"

+210°2917"

251°04 45
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- 180°0000°

WCBsoo,mo =71°04 45

+164°4222.25

235°47'7.25

- 180°0000°

WCB7OO,600 =55°477.25"

+184°4026.5

240°27 33.75

180°00 00

WCBsoo,soo = 60°27 33.75

+173°0530.5°

233°334.25

180°00 00

WCBspga00 =53°33'4.25"

+174°4052.25"

228°1356.5

- 180°00 00"

WCBAOO,3OO =48°1356.5"
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+191°0750 1

239°2146.5

- 180°0000°

WCBsg200 —=59°2146.5"

+114°1522"

173°378.5

,180°00°00

WCBZOO,lOO =353°378.5"

roaail) g cldlaay)
A Easting = Horizontal Distance x sin (azimuth)

A Northing = Horizontal Distance x cos (azimuth)

Easting = easting B + A easting
Northing =Northing B + A northing

Alilaay) Glua dYalze 5-2 Aaleall
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Point Degree | Minute | Second | Distance | AE AN Easting Northing
No.

1200 160168.942 | 107076.434
2 2 42 | 90.855 3.242 | 90.797

1100 160172.184 | 107167.231
61 59 12.5| 187.677 | 165.689 | 88.147

1000 160337.873 | 107255.378
80 16 59 | 152.139 | 149.956 | 25.678

900 160487.829 | 107281.056
40 35 28 | 90.879 | 59.131 | 69.011

800 160546.96 | 107350.067
71 4 45| 135.079 | 127.780 | 43.801

700 160674.74 | 107393.868
55 47 7.25 | 167.682 | 138.662 | 94.287

600 160813.402 | 107488.155
60 27| 33.75| 125.122 | 108.857 | 61.69

500 160922.259 | 107549.845
53 33 4.25| 127.959 | 102.929 | 76.021

400 161025.188 | 107625.866
48 13 56.5 | 137.637 | 102.657 | 91.682

300 161127.845 | 107717.548
59 21 46.5 | 163.851 | 140.979 | 83.498

200 161268.824 | 107801.046

C_\a..a.\l\ Ja aldlaaY) (4_2) th

AZ = tan*1£+C
AN

AZ 200100= 353°35'6.29"
Angle misclosure = 353°356.29" - 353°378.5" = 0°022.21°

Acceptable misclosure = 60vVn = 6011 = 0°0319"
Correction for each angle = 11.11"
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dasaal) Lig3l

ST. il 3 Ayl i | i) ey 2y5f3)
NO Degree | Minute | Second Degree | Minite | Second
1200 | 68 51 41 11.11 |68 51 29.89
1100 | 239 56 30.5 11.11 | 239 56 19.39
1000 | 198 17 46.25 11.11 | 198 17 35.14
900 140 18 29.25 11.11 | 140 18 18.14
800 210 29 17 11.11 | 210 29 5.89
700 164 42 22.25 11.11 | 164 42 11.14
600 184 40 26.5 11.11 | 184 40 15.39
500 173 5 30.5 11.11 | 173 5 19.39
400 174 40 52.25 11.11 | 174 40 41.14
300 191 7 50 11.11 | 191 7 38.89
200 114 15 22 11.11 114 15 10.89
dasadl Wil (5-2) Jsaa

CORRECTION AZIMUTH

WCB13001200 =113°1101
+68°5129.89"

182°02'30.89
- 180°00 00
WCB, 5001100 = 02°02'30.89"
+239°5619.39

241°58'50.28"
- 180°0000
WCBllOQlOOO =61°58'50.28"
+198°17'35.14"
260°1625.42"
- 180°0000°
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WCB, 00900 =80°16'25.42"
+140°1818.14"
220°34 43.56'

- 180°0000
WCBgoo,soo = 40°34'43.56"
+210°295.89"
251°0349.45
180°00 00"
WCBaowoo =71°0349.45"

+164°4211.14"
235°46'0.59"

- 180°00'00
WCB700,600 =55°460.59"

+184°4015.39"
240°26 15.98

- 180°0000°
WCBgpgs00 = 60°2615.98"

+173°0519.39°
233°3135.37"

- 180°00 00
WCBsp400 =53°3135.37"
+174°4041.14"
228°1216.51
- 180°00 00
WCB50300 = 48°1216.51"

+191°07 238.89"
239°1955.4

- 180°00 00
WCBsoo,zoo =59°1955.4"

+114°1510.89"
173°356.29
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, 180°0000

WCBypp100 = 353°356.29"

daniaal) cildiaay)
Linear error
A Easting = Horizontal Distance X sin (azimuth)
A Northing = Horizontal Distance % cos (azimuth)
Easting = easting B + A easting
Northing =Northing B + A northing
Point aad) Gty Distance onail) (8 il e i) 3y
No. Degree | Minute | Second AE AN AE AN AE AN
1100 2 2 30.89 90.855 | 3.237 | 90.797 0.064 0.0871 | 3.3196 | 90.92801
1000 61 58 50.28 | 187.677 | 165.7| 88.165| 0.1323 0.1799 | 165.83 | 88.38884
900 80 16 25.42 | 152.139 150 | 25.703 | 0.1072 0.1459 | 150.08 | 25.89276
800 40 34| 4356 | 90.879| 59.12| 69.024| 0.0641 0.0871 | 59.199 | 69.15503
700 71 3 4945 | 135.079 | 127.8| 43.835| 0.0952 0.1295 | 127.88 | 44.00841
600 55 46 0.59 | 167.682| 138.6 | 94.332| 0.1182 0.1608 | 138.77 | 94.53566
500 60 26 1598 | 125.122 | 108.8| 61.731| 0.0882 0.12 | 108.94 | 61.89486
400 53 31 35.37 | 127.959 | 102.9| 76.065| 0.0902 0.1227 103 | 76.23158
300 48 12 16.51 | 137.637 | 102.6 | 91.731 0.097 0.132 | 102.73 | 91.90686
200 59 19 55.4 | 163.851 | 1409 | 83.574| 0.1155 0.1571 | 141.07 | 83.77499

danaad) il (6-2) s

Y A Easting = 1099.378
Y' A Northing = 725.395

E200-E1200 = 161269.761 — 160168.942 = 1100.819
N200 — N1200 = 107803.151- 107076.434 = 726.717

Differences

d E = 1099.847- 1100.819 = -0.972

d N =725.395-726.717 = -1.322
Correction in A easting = (Length of line * d E ) / total length

Correction in A Northing = (Length of line * d N ) / total length
g = (Length of line * d N ) / total length

Linear accuracy :
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Error vector = VAE+AN = 1317.129
Traverse accuracy = (Error Vector)/(Length of Travers) = 1317.129/1378.88 =0.9552

daaaall alilay) Jgaa

ST. NO. Easting Northing
1300 160105.18 107103.741
1200 160168.942 107076.434
1100 | 160172.2616 107167.362
1000 | 160338.0915 107255.7508
900 | 160488.1694 107281.6436
800 | 160547.3681 107350.7986
700 | 160675.2509 107394.807
600 | 160814.0197 107489.3427
500 | 160922.9605 107551.2376
400 | 161025.9653 107627.4691
300 | 161128.6929 107719.376
200 161269.761 107803.151
100 161261.663 107864.072

danadl clilal) (7-2) dsa

—:Least Square Method  aladiuly cileliaall cilfiaa) ¢ Uad) muasai 2-7-2

X =(ATA)TATL

V=AX-L

least square adjust 6—2 alxal)
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1ol S

Unknown matrix :X

Jacobean matrix :A



Observation matrix :L
Variance matrix: V

i shmall Ciilly cliibial faa daad &5 8y Akl e3¢l Lalall Clgheadl G 3le AN gally

(lhaall @il ) lobua shall Jialaally Gl & oy & il cls il e le by

The Jacobean Matrix A:

OF, oF, oF, oF, oF, oF,
o, oy, i, ay, T m @
oF, oF, oF, oF, oF, oF,

odx, ody, odx, ady, odx, ody,

OF, OF, OF, oF oF oF
(=2) (—2) (1) (=) e (=) (=)
odx,” “ody,” “oadx,” ady, odx, " ody,
OF,, ,0F, OFy, Foy oF;, oF,,
(8dx3) (8dy3) (6dx4) (8dy4) (8dx9) (ady9

Jiox18

Distance observation reduction:-

F(Xiiyiixj’yj):\/(xj -X)? +(Y; -y)?

Distance observation reduction 7-2 alalzall
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Linearization:

Taking the derivatives of last equation:

oF X =X,
ox 1
oF _YiY
E
OF X=X
W
oF Y Yi
oy, 1

6-4-1-1 Angle observation reduction:-

49=AZ|F—AZ|B
X — X. —X.
g=tant T _ant "X L p
Yi —Yi Yo = Yi

Angle observation reduction 8—2 alx.ll

Taking the derivatives of the last equaion:

ox, IB? IF?2
OF _X%=X% X=X
oy, B> IF?
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The Observation Matrix L:

The Unknowns Matrix X:

F.-F,
F,-F,
F,-F,
F,-F,
_F1° B Floo Jioa
_dxs_
dy,
dx,
dy,
X=|:
dx,
_dyg_ 18x1

29




The Variance Matrix V:

J110x1

D(Yy o Xo ) dalldidee 3 A0 o€ Cllaadl dasiad) e lBaY) Haiul 5

X =X, +dx
Y=Y, +dy

Gy o Jpmall 5 AdjUSE JI galiys o135l L)) A0 i Gbial) el o) 3as
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Station Easting (m) Northing (m)
1100 160,172.167 107,167.226
1000 160,337.836 107,255.406
900 160,487.786 107,281.122
800 160,548.848 107,352.428
700 160,676.612 107,396.272
600 160,815.242 107,490.606
500 160,924.063 107,552.358
400 161,026.943 107,628.445
300 161,128.842 107,719.567

Gl b laadll dasadll cililay) (8-2) Jsa

L 300] 200

T Nt Genen [E=RESH<
Ellipse Controls
Ellipse scale exagerration 5000.
Drawing scale is 1:3 W ciNavy -

100

Ellipse scale factor
5000

Items to Plot
v Station Identifiers

v Distances

I~ Angles

I Azimuths

Print Image ? Help
—]&nge —Ig

goiall <G AdJUSE maling alatinly moaalll 4835k (6-2) JSi

VT xV
m-—n

So==+8"
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Where m : Number of Observations, n: Number of unknowns



AutoCAD Civil 3D aladialy claliaal) cililaa) ¢Uad) muauai 3-7-2

t b WS AutoCAD Civil 3D galin 8 cjela Al il

Angular error  =0-02-02
Angular error/set = 0-00-11 Over
Error North  :-0.1711

Error East :-1.0180

Absolute error: 1.0323

Error Direction: S 80-27-29 W
Perimeter : 1381.8807
Precision :11in 1338.6990
Number of sides 10

SURVEY LEAST SQUARES CALCULATION
Total # of Unknown Points: 9

Total # of Points 13

Total # of Observations: 22

Degrees of Freedom 4

Confidence Level :99%

Number of Iterations : 2
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OBSERVATIONS

Sk 3k Sk sk sk sk sk sk Sk Sk sk sk sk sk Sk sk sk sk sk sk sk 3k sk sk sk sk Sk Sk sk sk sk sk sk Sk sk sk sk sk sk Sk sk sk sk sk sk sk sk sk sk sk sk sk Sk sk sk Sk sk sk sk sk sk sk Sk Sk ko k&

3k Sk sk 3k sk sk sk sk Sk sk sk sk sk Sk sk sk sk sk sk sk Sk sk sk sk sk ke k ko

Type Pntl Pnt2 Pnt3 Measured StdDev  Adjusted Resid
DIST 400 300 137.637  0.005 137.5358 -0.1012*
ANG 500 400 300 174-40-52.00 6.3 174-40-35.72 -16.28
DIST 900 800 93.877  0.005 93.779 -0.0980*
ANG 1000 900 800 140-18-29.00 6.9 140-17-58.67 -30.33*
DIST 200 100 0 0.005 65.5522 65.5522*
ANG 300 200 100 114-15-22.00 7.8 114-15-22.33 0.33
DIST 700 600 167.681  0.005 167.5783 -0.1027*
ANG 800 700 600 164-42-22.00 5.6 164-42-01.06 -20.94*
DIST 500 400 127.959  0.005 127.8566 -0.1024*
ANG 600 500 400 173-05-30.00 6.6 173-05-03.01 -26.99*
DIST 1000 900 152.139  0.005 152.0437 -0.0953*
ANG 1100 1000 900 198-17-46.00 5.1 198-17-59.02 13.02
DIST 1200 1100 90.855  0.005 90.7978 -0.0572*
ANG 1300 1200 1100 68-51-41.00 8.1 68-50-51.19 -49.81*
DIST 300 200 163.855  0.005 163.7522 -0.1028*
ANG 400 300 200 191-07-50.00 5.7 191-07-52.20 2.2
DIST 800 700 135.0787  0.005 134.9785 -0.1002*
ANG 900 800 700 210-29-17.00 7.3 210-29-13.27 -3.73
DIST 600 500 125.122  0.005 125.0193 -0.1027*
ANG 700 600 500 184-40-27.00 5.9 184-40-08.76 -18.24*
DIST 1100 1000 187.677  0.005 187.5744 -0.1026*
ANG 1200 1100 1000 239-56-31.00 6.2 239-56-59.64 28.64*
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ADJUSTED COORDINATES

3k 3k 3k 3k sk sk sk sk Sk Sk sk sk sk sk Sk Sk sk sk sk Sk Sk Sk sk sk sk sk sk Sk Sk sk sk sk Sk sk sk sk sk sk Sk Sk Sk sk sk sk Sk Sk sk sk sk sk sk Sk ok sk sk sk ok

Std Deviations are at 99% Confidence Level

Point Northing Easting StdDevNth  StdDevEst
1100 107167.1748 160172.1603  192.342  108.504
1000 107255.2900 160337.7498  277.197  250.875

900 107280.9577 160487.6113  390.753  307.366
800 107352.1822 160548.6161  425.233  341.672
700 107395.9763 160676.2925  423.587  354.024
600 107490.2471 160814.8404  402.980  343.939
500 107551.9292 160923.5838  364.087  319.210
400 107627.9433 161026.3902  291.906  264.570
300 107719.6194 161128.9162  184.742  183.291
2D LEAST SQUARES ERROR ANALYSIS
LR R R R AR EEE SRS R R R R AR EEEEEEEEREEESEREERE R SRS EEEEEEEREEEREEEREERESEEREESRES]
* %%k %
Semi-Major Semi-Minor Axis  NE-Axis Whole Circle
Point AXis Bearing
1100 192.669614 107.921019 4-02-04
1000 301.111602 221.604020 144-46-10
900 423.492559 260.414638 150-43-55
800 464.667759 285.739270 149-15-13
700 465.129536 297.343224 147-30-23
600 439.699544 295.552781 147-17-38
500 395.334009 279.580143 146-33-19
400 308.211744 245.381066 147-58-02
300 186.424892 181.579855 36-17-13
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Blunder Detection/Analysis

Sk 3k Sk 3k sk sk sk sk Sk Sk sk sk sk sk Sk sk sk sk sk sk sk Sk sk sk sk sk sk Sk sk sk sk sk sk Sk sk sk sk sk sk Sk sk sk sk Sk sk sk sk sk sk sk sk Sk sk sk sk sk sk sk sk sk sk sk Sk Sk ok ke ok

% % %k %

Type Pntl Pnt2 Pnt3  Adjusted Resid Redun  Estimate Marg Ext
DIST 400 300 137.536 -0.101 0.105 096 P P
ANG 500 400 300 174-40-35.72 -16.281 0.15 108.516 P P
DIST 900 800 93.779 -0.098 0.099 0.986 P P
ANG 1000 900 800 140-17-58.67 -30.328 0.131 231.018 P P
DIST 200 100 65.552 65.552 0.131 -499.325 P P
ANG 300 200 100 114-15-22.33 0.326 0.44 -0.741 P P
DIST 700 600 167.578 -0.103 0.108 0949 P P
ANG 800 700 600 164-42-01.06 -20.939 0.068 309.314 P P
DIST 500 400 127.857 -0.102 0.108 0951 P P
ANG 600 500 400 173-05-03.01 -26.992 0.127 212.637 P P
DIST 1000 900 152.044 -0.095 0.095 1.004 P P
ANG 1100 1000 900 198-17-59.02 13.021 0.098 -132.626 P P
DIST 1200 1100 90.798 -0.057 0.041 1.396 P P
ANG 1300 1200 1100 68-50-51.19 -49.811 0.406 122.617 P P
DIST 300 200 163.752 -0.103 0.108 0.948 P P
ANG 400 300 200 191-07-52.20 2.198 0.167 -13.192 P P
DIST 800 700 134.978 -0.1 0.104 0.966 P P
ANG 900 800 700 210-29-13.27 -3.734 0.126 29.692 P P
DIST 600 500 125.019 -0.103 0.108 0.948 P P
ANG 700 600 500 184-40-08.76 -18.237 0.082 222559 P P
DIST 1100 1000 187.574 -0.103 0.108 0949 P P
ANG 1200 1100 1000 239-56-59.64 28.635 0.22 -129.877 P P

Redundancy is the observation's contribution to the degree of freedom
(From 0 to 1 with 1 being best)

Estimate is used to estimate the blunder which might cause large residuals
Marg is a reliability test for a single blunder (Type Il error)
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Ext is an external reliability test for an observation
P =PASS FAIL = FAIL

Least Squares Input File

Generated By Survey

Point Northing Easting Level
1300 107103.741 160105.18 NE
1200 107076.434 160168.942 NE
1100 107167.2311 160172.1843 ?NE
1000 107255.3776 160337.8734 ?NE
900 107281.0554 160487.8298 ?NE
800 107352.3429 160548.9116 ?NE
700 107396.1434 160676.6917 ?NE
600 107490.4294 160815.3534 ?NE
500 107552.1193 160924.2105 ?NE
400 107628.1402 161027.1393 ?NE
300 107719.8218 161129.7961 ?NE
200 107803.151 161269.761 NE
100 107868.2928 161262.437 NE

Jaaadl) clilaay) 8-2
Adjusted stations

station X Y
300 161,128, 842 107,719, 567

400 161,026,943 107 ,628.445

500 160,924,063 107,552, 358

a00 160,815,242 107,490, 606

700 160,676.612 107,396, 27

§00 160,545, 8458 107 ,352.428

aggd 160,487, 786 107 ,281.122
1000 160,337,836 107,255,406
1100 160,172.167 107,167,226
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dasaal) clilall 9-2

Station Station

occupied sighted Distance v s
200 200 163.843 -0. 00867 0.0479
300 400 136,699 -0.9383 0.10832
400 500 127.959 -0.0002 0. 0080
500 600 125.121 -0.0008 0.0160
600 700 167.682 -0.0004 0.0112
700 800 135.077 -0.0018 0.0240
800 900 93.878 -0. 00086 0.0160
900 1000 152.139 -0.0002 0. 0080

1000 1100 187.675 -0.0008 0.0160
1100 1200 90. 849 -0.0058 0.1515

A & 3l 3 ADJUSTECIVIL 3d J b plasinly sload momest 3o
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0 0 0.5
0.5 20 2.58
1 53 6.85
1.5 95 12.27
2 160 20.67
2.5 70.35 270 34.88 34.88 49.58
3 360 46.51
4 420 54.26
5 105.35 475 61.37 61.37 58.25
6 518 66.93
7 570 73.64
8 610 78.81
9 645 83.33
10 675 87.21
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0 0 0.5
0.5 52 6.71
1 120 155
1.5 210 27.13
2 290 37.47
2.5 70.35 378 48.83 48.84 70
3 505 65.2
4 650 83.98
5 105.35 790 102.07 102.09 97
6 915 118.21
7 1105 142.76
8 1240 160.21
9 1380 178.29
10 1450 187.34
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111.8 = 2065.8 -1954 = ()5l & Bl laia
6.1 = .3*2065.8/1000= (Dust correction) gl laie
111.8 - 6.1= caliw¥) 50l ()5

1042 =
104.2

1200 1007 - aan il iy d
—5.08%

1960.1 =1954 +6.1 = ieasll 33

ot 145.9= Jaall say Ul )sie

2248 = Jsl 23200 Jiie (e L) Facasll (5
ot 150.7 = 200 Jie (o Sl U Gacasll 3,

150.7
1960.1 <100% =200 Jaie (e ) dacasl) dos

=7.59%

Al ALY sl 2l 2 ((5-6) Jsaad

| | | | -

100-86 | 87.03 | 12.97 | 12.97 | 254.2 . 59" |
88-70 | 7279 | 27.21 . 1424 | 2792 | 3/8" |
66-50 | 5265 | 47.35 . 2014 | 3948 | 4 |
50-35 | 3755 | 65.45 . 1510 | 296 | 8 |
27-17 | 1815 | 81.85 | 1940 | 2803 | 30 |
14-7 | 961 | 90.39 . 854 | 1674 | 100 |
84 | 762 | 92.3 191 | 375 | 200 |
. o001 | 99.99 . 769 | 1507 | pan |

| | | 19601 | e |

59



el 5l Capas Lo a5 Jaial) Aat 5 lal) s oy AU 1(6-6) Jea

AASHTO ) 4ayjh g Lol cliuayll asaal cighid 4-6
t ( AASHTO alai s ) cliphall dlows alagly (ALY apenaill Slghad b Lo
(Equivalent Accumulated 18,000 Ib Single Axle Load) ESAL <lua 1-4-6

ESAL ks (6-1)

ESAL = f; xG, x AADT x365x N, x f_

Equivalent Accumulated 18,000 Ib Single Axle Load: ESAL:

fg. design lane factor.
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Gt growth factor.

AADT: first year annual average daily traffic.

N; : number of axles on each vehicle.

fe : load equivalency factor

idsaall e fg dad o Jpanll iy

2 | 50 |
4 | 45 (35-48) |
6 or more | 40 (25-48) \

sl el b Sl At ((6-6) Jgia

Galaall Jsaall (e 2 8,0 AL fd dad da cpalanV) 3 Cpase o gy lpasanad dhall Gyyhall L
-(fa=50%) o5
4 (Gf ) growth factor 4eg Wi =

tsall (e adde Jemnl) S

1| 10 1.0 | .10 1.0 1.0 |
2 | 20 | 2.02| 2.04 | 2.05 | 2.06 | 2.07 | 2.08 | 2.10 |
3 | 30 | 306 312 | 315 | 318 | 321 | 325 | 331 |
4 | 40 | 412 | 425 | 431 | 437 | 444 | 451 | 464 |
5 | 50 | 520| 542 | 553 | 564 | 575 | 587 | 6.11 |
6 | 60 | 631 | 663 | 680 | 698 | 715 | 734 | 772 |
7 | 70 | 743 790 | 814 | 839 | 865 | 892 | 949 |
8 | 80 | 858 | 921 | 955 | 990 | 10.26 | 10.64 | 11.44 |
9 | 90 | 975 | 1058 | 11.03 | 11.49 | 11.98 | 1249 | 1358 |
10 100 | 2% 1201 1258 1318 | 1382 1449 1594
11 11.0 127'1 1349 | 1421 | 1497 1578 @ 16.65 | 18.53
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Ay giadl 320 Apasd By Slifiase A1 20 Jsale 2355 Guyhll 2Dl of el e sy Gojh 51 apenai ()

Jsaall (e GG g 168 Al Jlaa) o Jgeanll g chanld Jlaal Y clpall sl dasas i @y aayy

12 12.0 131'4 1503 1592 @ 1687 @ 17.89 @ 18.98 @ 21.38
14.6

13 13.0 L0 1663 1771 | 1888 | 2014 | 2050 2452
15.9

14 14.0 >9 | 1829 | 1916 | 2101 2255 2421 | 27.97
17.2

15 15.0 (% 2002 2258 2328 2513 | 2715 | 3L77
18.6

16 16.0 o0 | 2182 2366 | 2567 | 2789 3032 3595
200

17 17.0 0 2370 2584 221 3048 3375 | 4055
21.4

18 18.0 4 2565 2813 3091 3400 3745 4560
228

19 19.0 78| 2767 3054 | 3376 | 3738 4145 5116
243

20 20.0 "9 2078 3306 3679 4100 4576 57.28
32.0

25 25.0 *0 | 4165 4773 | 5186 | 6325 | 7311 | 9835

30 30.0 4(;'5 56.08 6644 | 79.05 | 94.46 113'2 164.49

35 35.0 4%'9 7365 | 90.32 1131'4 138.24 1722'3 271.02
( Growth factor) sl Jelas:(7-6) Jgaad)

.29.78=Gs das ()58 4%

1,000

0.00002

182.5

23.27

41,00

8.9

2,000

0.00018

187.0

42,00

25.64

2.51
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13.35

17.8

22.25

26.7

31.15

35.6

40.0

44.5

48.9

53.4

57.8

62.3

66.7

71.2

75.6

80.0

84.5

89.0

93.4

97.8

3,000

4,000

5,000

6,000

7,000

8,000

9,000

10,000

11,000

12,000

13,000

14,000

15,000

16,000

17,000

18,000

19,000

20,000

21,000

22,000

0.00072

0.00209

0.00500

0.01043

0.01960

0.03430

0.0562

0.0877

0.1311

0.189

0.264

0.360

0.478

0.623

0.796

1.00

1.24

1.51

1.83

2.18

0.0068

0.0100

0.0144

0.0199

0.0270

0.0360

0.0472

0.0608

0.0773

0.0971

0.1206

0.148

0.180
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191.3

195.7

200.0

204.5

209.0

213.5

218.0

222.4

226.8

231.3

235.7

240.2

244.6

249.0

253.5

258.0

262.5

267.0

271.3

275.8

43,00

44,00

45,00

46,00

47,00

48,00

49,00

50,00

51,00

52,00

53,00

54,00

55,00

56,00

57,00

58,00

59,00

60,00

61,00

62,00

28.22

31.00

34.00

37.24

40.74

44.50

48.54

52.88

2.75

3.00

3.27

3.55

3.85

4.17

451

4.86

5.23

5.63

6.04

6.47

6.93

741

7.92

8.45

9.01

9.59

10.20

10.84



102.3

106.8

111.2

115.6

120.0

124.5

129.0

133.5

138.0

142.3

146.8

151.2

155.7

160.0

164.5

169.0

173.5

178.0

23,000

24,000

25,000

26,000

27,000

28,000

29,000

30,000

31,000

32,000

33,000

34,000

35,000

36,000

37,000

38,000

39,000

40,000

Load Equivalency factor) dwls Jual ) cl€oall ohsl Jisas :(8-6) Jsaa

2.58

3.03

3.53

4.09

4.71

5.39

6.14

6.97

7.88

8.88

9.98

11.18

125

13.93

15.50

12.20

19.06

21.08

0.217

0.260

0.308

0.364

0.426

0.495

0.572

0.658

0.753

0.857

0.971

1.095

1.23

1.38

1.53

1.70

1.89

2.08
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280.2

284.5

289.0

293.5

298.0

302.5

307.0

3115

316.0

320.0

325.0

329.0

3335

338.0

342.5

347.0

3515

365.0

63,00
0
64,00
0

65,00
0

66,00
0
67,00
0

68,00
0

69,00
0

70,00
0

71,00
0

72,00
0

73,00
0

74,00
0

75,00
0
76,00
0

77,00
0

78,00
0
79,00
0

80,00
0

11.52

12.22

12.96

13.73

14.54

15.38

16.26

17.19

18.15

19.16

20.22

21.32

22.47

23.66

2491

26.22

27.58

28.99



o masdsskaubl

11.9 33 79.7 20 |[Fesis
11.9 32 | 178 48 78.4 200 s
6.6 25 9 34 84.35 LR
9.6 31 | 102 33 80.2 260 el
0.8 2 | 107 35 7944 | 250 ||
10.2 30 9.5 28 8033 | 237 [ Guall
0.3 19 | 107 22 80 164 Al
9% 11% 80% g

Ll 8 plall Gl el Ay axe 1(9-6) Jgaa

Passenger cars ( 4.5kN / axle) = 80%
2-axle single-unit busses ( 27 kN / axle) = 11%
3-axle single-unit trucks (53 kN / axle) =9 %

(AADT) ‘;A),)S\ _)}_)AS\ Jaza clus =
1 5 D labea alainly LIS LS pall (e 230 ) Lelysat 25 Galad) Jsaad) 5 elii )l cllaslaal) ¢

- b S a8 daiall 20 )1 Cilialsall

1x 3yl <) sae

25% | il gdl el e

3 x Slia il axe

(25 Filawsid ahludl ae + 3% Glialall sxe + 1% gpseall chlud) ae) = IS Sl s of

7\1#(234+204+205+304+245+220 +164 )=ieludl b s yall iylnd) Tanisie
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Gelldl L35,5a3)0u274.407 =
7\2.5%(22+28+35+33+34+48+33 )=ic Ll b idanssiall Clond) Jaussie

Geludl b ddasies)au 83,214 =
7\3%(19+30+32+31+25+32+23)=de Lul) 3 cliall o

Aol i dala 11,755 =
11.755+83.214+ 274.407 = Jall cihlad) sae Jassia

Syl 344 =

as) Bl 8256 = 24#344 = (AADT) (asdl Jsall Janae

Al Jlaall e Jleall oda e Jsmnll Sy cipuld Jleal I cilypall olysl Jisas 2y elld aayy

= load equivalency factor for a cars (fgcar)) = 0.00002 (single axle)
= load equivalency factor for a busses (fgpus)) = 0.01043 (tandem axle)
= load equivalency factor for a trucks (fE(truck)) = 0.189 (tandem axle)

el e (g sam e IS Al dlslaal) an CS5al) £ G g5 IS (ESAL) A cnn s 2y
: b WS (Total ESAL) e Juanil &30

ESAL = f; xG; x AADT x365x N, x f.)
ESAL cor =0.1 * 29.78 * 8256*0.8* 365 * 2 *0 .00002 = 287.7

ESAL puss=0.5* 29.78 * 8256 * 0.11* 365 * 2 * 0.01043 =102958.9
ESAL tryck =0.5* 29.78 * 8256 * 0.09 * 365 * 2 *0 .189 =2289722.3

ESAL totar = 2392968.9
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seilidal) ASkaw clusa

PAGL S ey lihall Lo)llS dpws U Joanl)

Plant Mix. | \ Asphalt \
Crushed Stone | 97 . Base Coarse |
................ ‘ 58.25 ‘ Sub Grade ‘

Aol ik (e Aida JS go5s LsllS s :(10-6) Jga>

Structural number (6-2)

SN = alD1 +a2D2m +a3D3 m

Where:
= SN: Structural Number.
= a;,8as layer coefficients representative of surface, base course, and sub base
respectively .
= D;,D,,D;3: actual thickness, of surface, base course, and sub base respectively.

Reginal factor(6-3)

i Aaleall e (Regional factor) Atiad) Jaleall Glus oy

Where:
» R:Regional Factor
= Nd: Number of dry months in a year
» Rd: Regional Factor for soils dry
= Ns: Number of saturated months in a year

Rs: Regional Factor for soils saturated
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 (11-6) (&) Jssall e (Rd, RS) (e S e o Jyemal) oy i

0.2-1.0

\_g

03-15

- Roadbed soils saturated

40-50

( Regional Factor) Al Jelaall dad :(11-6) g

o) Joaall 8 LS R dad 5 (dry) ddls el 85 (saturated) iy se-dl 4 2l <5 Gle <

R :Ex0.9+ix4.5 =21
12 12
RECOMMENDED
EQUIVALENT (18 Kip) DAILY LOAD APPLICATIONS (EDLA)
EDLA
Classification Class Modifier Values (1)
Local Cul-de-sac serving <10 DU 1
Serving <80 DU 5
All others 10
Minor Collector Residential 30
Commercial 50
Major Collector All 100
Minor Arterial All 200
Major Arterial All 200 (2)

Equivalent (18 Kip) Daily Load Applications (EDLA)4es :(12-6) Jg>

50 (gsled lgiad Cum

t L LS SN s e

(12-6)

oo e dada K (CBR)J allaall (S-soil support value) adé cayss ¢ 4k J<I (CBR) ddaa .1

= (S1-soil support value) = 10.2
= (S2-soil support value) =9.2

68



ddasill s Juagis  design chart for flexible-pavement e (S-soil support valug) ad cpss & .2
ebid aalsial e Lall ag o5 ¢ Equivalent (18 Kip) Daily Load (EDLA) zyai Ao Al
b W& (SN-structural Number) as (< duss 4ass 2 (SN-structural Number) g

= (SN1-structural Number) = 1.2
= (SN2-structural Number) = 1.5

alaliinl e Jadl) aay o5 ey «(Regional Number) zopas Ao dimall ddaiil) ae adill 038 Juagi o .3
b WS SN ad ()58 A ddaii 3 SNz B4 of

= SN1=13
= SN2=18

bl_wm LJ.D.AA:} 3da ‘;\s JLA:\IJL\ tﬂjdj 0.8 Lﬁjl-“‘:‘ kl\:\a m fu=\§ ‘A.c d_,..aaj\ (-.\:\:I (13_6) (‘.\EJ djé;j\ (e 4
ol ge ey

TABLE 11.20 Recommended Drainage Coefficients for Untreated Bases and Subbases in
Flexible Pavements

Percentage of time pavement structure is exposed

Quality of drainage to moisture levels approaching saturation
Water removed Less than Greater than
Rating within 1% 1-5% 5-25% 25%
Excellent 2 hours 1.40-1.35 1.35-1.30 1.30-1.20 1.20
Good 1 day 1.35-1.25 1.25-1.15 1.15-1.00 1.00
Fair 1 week 1.25-1.15 1.15-1.05 1.00-0.80 0.80
Poor 1 month 1.15-1.05 1.05-0.80 0.80-0.60 0.60
Very poor Never drain 1.05-0.95 0.95-0.75 0.75-0.40 0.40

Source. After AASHTO (1986).
clanU s lall Cay el Jalza :(13—6) Jeda
:(14-6) Jslaal) e (a1,82,83) a8 e Jpasll aiyy .5

- CaseofPavement ~ alsuggested

© Roadmix(lowstabiliy) 020 |
© Plantmix (highstabiliy) 044 |
C sadAshat 0.40 |

el (layer coefficient) dakll Jaolea :(14-6) Jgsa
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0.07

0.14

0.23

0.20

0.15

0.34

0.30

0.15-0.30

oussaall (layer coefficient) dakl) Jabes @ (15-6) Joa

b ol s AL Jslaall Ges Jsan dBasase Gl oda 8 alall g5

= al=0.44,
= a2=0.14,

P b LS (alan) V) Aaal) claw e Sy o

* SNI=alDl—13=0.44-D1 —»D1=29in=2.9%2.5=725cm.
pas 7.5 = el o2a 23

SN1 = (7.5/2.54)x0.44 = 1.29in

: (base course)istll Akl clow o

= SN2=SNI1+a2D2m — 1.75=1.29+ 0.14*0.8*D2
* —D2=4.55in=5in=5%2.54=12.7

cm 15 dah K pitds e b (g (D2 = 30 om) dad 4L

3
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