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Abstract

Project Name

Redesign And Rehabitation Eessa Road From Surveying Point Of View

Prepared By:
ABED HADAR RAMI| ZATARI
NOOR MWAS
Supervisor:
Eng. Faydi Shabaneh
Abstract:

The road which is the subject of this project is considered to be of high importance
because it liesin district on which Hebron city dependsto enlargeit's areain the
future.

The existing road contains many problems such as lack of facilities which required for
the safety of both passengers and vehicles.

The method which used in this project will be consists of working in the field and in
the office .

The field work will be asfollows : conducting a closed link traverse with Palestine
National coordinates, full plan of the road including reduce levels, longitudinal
section and cross sections and al the items needed for geometrical design .

Finally the advanced technology in geomatic engineering like GPS, GIS and
Autodesk Land will be used .
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Alignment Curve

Palestine Polytechnic University

Dedta:
Radius:
Length:

Mid-Ord:

Chord:

Delta:
Radius:
Length:

Mid-Ord:

Chord:

Delta:
Radius:
Length:

Mid-Ord:

Chord:

Delta:
Radius:
Length:

Mid-Ord:

Chord:

Circular Curve Data
18° 02' 25.2415"
500.000
157.432
6.183
156.782

Circular Curve Data
39° 02' 03.9271"
150.000
102.192
8.619
100.227

Circular Curve Data
24° 33' 45.2250"
200.000
85.740
4577
85.084

Circular Curve Data
20° 19' 21.1998"
150.000
53.204
2.353
52.926

83

Type:

Tangent:
External:

Type:

Tangent:
External:

Type:

Tangent:
External:

Type:

Tangent:
External:

RIGHT

79.373
6.261

RIGHT

53.169
9.144

LEFT

43.539
4.684

RIGHT

26.885
2.390



Dedta:
Radius:
Length:

Mid-Ord:

Chord:

Delta:
Radius:
Length:

Mid-Ord:

Chord:

Delta:
Radius:
Length:

Mid-Ord:

Chord:

Delta:
Radius:
Length:

Mid-Ord:

Chord:

Circular Curve Data

33° 38' 25.0581"
200.000
117.427

8.556
115.747

Circular Curve Data

18° 02' 43.1407"
80.000
25.196

0.990
25.092

Circular Curve Data

27° 06' 29.4310"
80.000
37.850

2.228
37.498

Circular Curve Data

15° 15' 53.7172"
200.000
53.285
1.772
53.127
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Type:

Tangent:
External:

Type:

Tangent:
External:

Type:

Tangent:
External:

Type:

Tangent:
External:

LEFT

60.460
8.939

RIGHT

12.703
1.002

LEFT

19.286
2.292

RIGHT

26.801
1.788



Palestine Polytechnic University

Station and Curves

Alignment Station and Curve Report

Description

Start:
End:

Description
PC:
RP:
PT:

Description

Start:
End:

Description
PC:
RP:
PT:

PT
Station

0.000
47.056

Station
47.056

2+04.488

PT
Station

2+04.488
2+38.510

Station
2+38.510

3+40.702

Northing

103430.890 155514.986
103474.631 155532.336

Curve Point Data
Northing
103474.631 155532.336
103290.281 155997.110
103609.503 155612.275
Circular Curve Data

Northing

103609.503 155612.275
103635.688 155633.996

Curve Point Data
Northing
103635.688 155633.996
103539.922 155749.447
103687.019 155720.081
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Easting

Easting

Easting

Easting



Description

Start:
End:

Description
PC:
RP:
PT:

Description

Start:
End:

Description
PC:
RP:
PT:

Description

Start:
End:

PT
Station

3+40.702
4+73.290

Station
4+73.290

5+59.030

PT
Station

5+59.030
8+03.956

Station
8+03.956

8+57.161

PT
Station

8+57.161
9+30.793

Circular Curve Data

Northing

103687.019 155720.081
103712.976 155850.104

Curve Point Data
Northing
103712.976 155850.104
103909.106 155810.950
103747.001 155928.089
Circular Curve Data

Northing

103747.001 155928.089
103890.454 156126.609

Curve Point Data
Northing
103890.454 156126.609
103768.874 156214.464
103913.398 156174.303
Circular Curve Data

Northing

103913.398 156174.303
103933.112 156245.247

Tangent Data

Curve Point Data

86

Easting

Easting

Easting

Easting

Easting



Description
PC:
RP:
PT:

Description

Start:
End:

Description
PC:
RP:
PT:

Description

Start:
End:

Description
PC:
RP:
PT:

Description

Start:
End:

Station  Northing
9+30.793 103933.112 156245.247
104125.811 156191.699
10+48.220 103995.048 156343.030
Circular Curve Data

PT
Station

10+48.220 103995.048 156343.030
11+08.274 104040.488 156382.294

Northing

Curve Point Data
Station  Northing
11+08.274 104040.488 156382.294
103988.183 156442.827
11+33.470 104056.666 156401.474
Circular Curve Data

PT
Station

11+33.470 104056.666 156401.474
12+00.378 104091.251 156458.750

Northing

Station  Northing
12+00.378 104091.251 156458.750
104159.735 156417.398
12+38.228 104117.617 156485.414
Circular Curve Data

PT
Station

12+38.228 104117.617 156485.414
13+42.758 104206.488 156540.445

Northing

Curve Point Data
87

Easting

Easting

Easting

Easting

Easting

Easting



Description
PC:
RP:
PT:

Description

Start:
End:

Station  Northing Easting
13+42.758 104206.488 156540.445
104101.195 156710.484
13+96.042 104247.542 156574.166
Circular Curve Data

PT
Station

13+96.042 104247.542 156574.166
15+29.110 104338.239 156671.536

Northing Easting
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Vertical Alignment Report
PVI Stationsand Curves

Units: meter

Curve Calculation Options v

Vertical Alignment: Center FG

PVI  Station Elevation = GradeOut (%) @ CurveLength
1 0+000 870.030 4.676
2 | 0+039.991 871.900 -2.015 55.000

Vertical Curve Information: (crest curve)

PV C Station: 0+012.491 Elevation: 870.614
PVI Station: 0+039.991 Elevation: 871.900
PVT Station: 0+067.491 Elevation: 871.346
Gradein (%): 4.676 Grade out (%): -2.015
Change (%): 6.692

Curve Length: 55.000

High Point: 0+050.926 Elevation: 871.513
Passing Distance: 98.166 Stopping Distance:  57.705

3 | 0+114.414 870.400 2.634 80.000

Vertical Curve Information: (sag curve)

PV C Station: 0+074.414 Elevation: 871.206
PV Station: 0+114.414 Elevation: 870.400
PVT Station: 0+154.414 Elevation: 871.454
Gradein (%): -2.015 Grade out (%): 2.634
Change (%): 4.649

Curve Length: 80.000

Low Point: 0+109.095 Elevation: 870.857

Headlight Distance: 84.707
4 0+365 877.000 3.457 80.000

Vertical Curve Information: (sag curve)

PV C Station: 0+325 Elevation: 875.946
PV Station: 0+365 Elevation: 877.000
PVT Station: 0+405 Elevation: 878.383

75



PVI

Station Elevation = GradeOut (%) @ CurveLength
Gradein (%): 2.634 Grade out (%): 3.457
Change (%): 0.823
Curve Length: 80.000
Headlight Distance: Infinite

0+770 891.000 9.063 110.000
Vertical Curve Information: (sagcurve)
PV C Station: 0+715 Elevation: 889.099
PVI Station: 0+770 Elevation: 891.000
PVT Station: 0+825 Elevation: 895.984
Gradein (%): 3.457 Grade out (%): 9.063
Change (%): 5.606
Curve Length: 110.000
Headlight Distance:  93.648

1+090 920.000 -0.597 90.000
Vertical Curve Information: (cresteurve)
PV C Station: 1+045 Elevation: 915.922
PVI Station: 1+090 Elevation: 920.000
PVT Station: 1+135 Elevation: 919.731
Gradein (%): 9.063 Grade out (%): -0.597
Change (%): 9.660
Curve Length: 90.000
High Point: 1+129.435 Elevation: 919.748
Passing Distance: 93.954 Stopping Distance:  61.371

1+235 919.134 12.494 200.000
Vertical Curve Information: (segcurve)
PV C Station: 1+135 Elevation: 919.731
PVI Station: 1+235 Elevation: 919.134
PVT Station: 1+335 Elevation: 931.628
Gradein (%): -0.597 Gradeout (%): 12.494
Change (%): 13.091
Curve Length: 200.000
Low Point: 1+144.124 Elevation: 919.704
Headlight Distance: 77.108

1+390 938.500 3571 110.000
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PVI  Station Elevation = GradeOut (%) @ CurveLength

Vertical Curve Information: (crest curve)

PV C Station: 1+335 Elevation: 9031.628
PV Station: 1+390 Elevation: 938.500
PVT Station: 1+445 Elevation: 940.464
Gradein (%): 12.494 Grade out (%): 3.571
Change (%): 8.923

Curve Length: 110.000
Passing Distance: 107.978 Stopping Distance:  70.594

9 1+529.111 943.468

Vertical Alignment Report
PVI Stations

Units: meter

Vertical Alignment: Center FG

PVl Station Elevation Grade Out (%) CurveLength

1 0+000  870.030 4.676

2 0+039.991 871.900 -2.015 55.000
3 0+114.414 870.400 2.634 80.000
4 0+365 877.000 3.457 80.000
5 0+770 891.000 9.063 110.000
6 1+090 920.000 -0.597 90.000
7 1+235 919.134 12.494 200.000
8 1+390 938.500 3.571 110.000
9 1+529.111 943.468
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PVl Station Elevation Grade Out (%) CurveLength

Vertical Alignment Report
Station I ncrement

Units: meter

Horizontal Alignment Information

Elevation
Center FG
0+000 870.030
0+050 871.512
0+100 870.881
0+150 871.343
0+200 872.654
0+250 873.971
0+300 875.288
0+350 876.637
0+400 878.211
0+450 879.938
0+500 881.667
0+550 883.395
0+600 885.123
0+650 886.852
0+700 888.580
0+750 890.621
0+800 893.878
0+850 898.250
0+900 902.781
0+950 907.313
1+000 911.844
1+050 916.362
1+100 919.283

Station
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Elevation

Center FG
1+150 919.715
1+200 920.726
1+250 923.373
1+300 927.656
1+350 933411
1+400 938.036
1+450 940.643
1+500 942.428

Station

Vertical Alignment Report
Vertical Curves

Units: meter

Horizontal Alignment Information
Curve Calculation Options v

Vertical Alignment: Center FG

Vertical Curve Information: (crest curve)

PV C Station: 0+012.491 Elevation: 870.614
PVI Station: 0+039.991 Elevation: 871.900
PVT Station: 0+067.491 Elevation: 871.346
Grade in (%): 4.676 Grade out (%): -2.015
Change (%): 6.692

Curve Length: 55.000

High Point: 0+050.926 Elevation: 871.513

Passing Distance: 98.166 Stopping Distance:  57.705

Vertical Curve Information: (sag curve)

PVC Station: 0+074.414 Elevation: 871.206
PV Station: 0+114.414 Elevation: 870.400
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PVT Station: 0+154.414 Elevation: 871.454

Grade in (%): -2.015 Grade out (%): 2.634
Change (%): 4.649
Curve Length: 80.000
Low Point: 0+109.095 Elevation: 870.857

Vertical Curve Information: (sag curve)

PVC Station:  0+325 Elevation: 875.946
PV Station: 0+365 Elevation: 877.000
PVT Station: 0+405 Elevation: 878.383

Grade in (%): 2.634 Grade out (%): 3.457
Change (%): 0.823

Curve Length:  80.000

Vertical Curve Information: (sag curve)

PV C Station: 0+715 Elevation: 889.099
PV Station: 0+770 Elevation: 891.000
PVT Station: 0+825 Elevation: 895.984

Grade in (%): 3.457 Grade out (%): 9.063
Change (%0): 5.606

Curve Length:  110.000

Vertical Curve Information: (crest curve)

PV C Station: 1+045 Elevation: 915.922
PVI Station: 1+090 Elevation: 920.000
PVT Station: 1+135 Elevation: 919.731
Gradein (%): 9.063 Grade out (%): -0.597
Change (%0): 9.660

Curve Length: 90.000

High Point: 1+129.435 Elevation: 919.748

Passing Distance: 93.954 Stopping Distance:  61.371

Vertical Curve Information: (sag curve)

PV C Station: 1+135 Elevation: 919.731
PVI Station: 1+235 Elevation: 919.134
PVT Station: 1+335 Elevation: 931.628
Grade in (%): -0.597 Gradeout (%): 12.494
Change (%0): 13.091
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Curve Length: 200.000
Low Point: 1+144.124 Elevation: 919.704

Vertical Curve Information: (crest curve)

PV C Station: 14335 Elevation: 9031.628
PVI Station: 1+390 Elevation: 938.500
PVT Station: 1+445 Elevation: 940.464
Grade in (%): 12.494 Grade out (%): 3.571
Change (%): 8.923

Curve Length: 110.000
Passing Distance: 107.978 Stopping Distance:  70.594
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ol Al Apuad) Jal gl dais Jdal) A as il Alaal) 45 3y ylall Led oy A
A e Akt o) 135 el i pay (ol A ki) Basd Y] g 5yl Chagy Cum ¢ Aadll L)
e Y Cadas iy elldy g Lead S LY Anaal) Adhaial) jead e JLEY) 324 SiST3 ) phaia
¥ s e g2l s Aalll e Ciay hl galld Jiall dad]
COphald Aol dpuaigll g )l Gldal sl Gkl sl

dagd) Al k-
ol e it i 6 ok pa gt il (- ) R

s eae Gob i Al dal e A clgall

Aaph e dLdSo, a0l adsall L L (Ledlil) Adlues o naldll .
Y 23S Adaal Lol e s avanaill dalgll Jualdil] 5 4 Aalaial) JSUiall 5 & 5 il
(stations)c kll

e Sy (Al abadl s aal jall e .

laad L ) ilabadal) gt da) (e Jrealiil b 55 Uil s ga (ilasal) Jonl) ity oLl m
e alicany dda 5 e CLEIAAY) dia slae Akl (e i) el dlee T2y ananail) § Jayladl)
Adjustment by Least Squares alaiuly sUsa¥) (e aiallaa 5 ( Traverse)

sl Jaall (g cilabanall Cavea alisiall 4la) jas asanaill s el Gulens el m
18 algl by .

Al diapal

oY) sl sady ) acally Alidiall 5 oY) A e gda -
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i sae o slaie Y a3 a8 ¢ (A laiY) s Ay el dxlly) 14 3 il gall 5 sl 3 S AdLaYl

ashlasen

Al galll g Aalaall 3362Y) -

( Sokia 5700 ) ¢ 5 (= 45 (Total Stations) 5l .

waadl o dale Clilie (ulf Loy o 4SLaY 8¢l ) Jie leza
.Dual Frequency Trimble 5700  (GPS) J .
.(AutoCAD)

.(Autodesk land survey 2006)
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Traverse

IS 5 (e e (il (ge T8 i il Lguiany Aaie Lo sl de suns 00 5l 58 ol

(Open) (Closed) GlaallS Baxeie Cilpanse s ddline JISEH 220 T jusia Uad lge ganay
<y e 5 (Loop) (Connecting )
O A 2yl 31 5 Al (uld S5 ( ) de slee Lalis (pe Jashadll 028 ¢ i Cua

abaa ol s clalidl g okl 5 Sl ddaladl daliss cilalaly xiad s Cillasdl)
2a ) o) ad ) Adeny alall saaa Ol (A Claliaall L) 3 Caagll sm
2 Aaall 3 3¢aY) (e 525 GPS ) Adaud 5 L s oy Ll
ARk gl (Leddals cililaa) Ay axdiey Slea

-:(Types of Traverses)
- e ) iy
: (Open Traverses) - -

Gl y) e sbes opiladiy fan s ( ) Sl lie e alime JS e and) 1as Gl
L lilaay) e gma e Gaoal ol e JE S SlL et

(-) ( )_(open traverse)

(7 ()



-:(Closed Traverses) -

fan Cun ¢ oAl JSall §f g3 aae s (e Gilie aliaall ()5S ¢ Clabiad) (e g 5ill 138 b
bl (e glaa opiidatiy g8 g GLElAAY) (e slaa (piilally
e A
(closed loop traverse) (cess Cnibadill (udiy (g 5 e s SLiaY) (e slaa (piilads
oo Lyl LY il slaa Cptingan iy il 5 dle 5 LAY (piia slae Griladi b Ty 131

e A daaladinly Lid ol ¢ 5ill 13 5 (Closed traverses or link traverses )

(-) ()_(Link traverse)

Measured

(-) ( )_(Closed traverse)

(7 () O)
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Traverse

i

il agunsi JS& (£aY) S

() A Galall b AT JSE @lla 3831 e el ¢ alimall i g S 13
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L) Ailall 5 4831 3 3l a5 Cum lasall 8 ladeay &5 3l el 8l jeday Gl Jsasl)

Gillaaal) cbfilaa) qibuad ¢lasall 8 aa a3 Al &) (-)

From To H. angle H. Distance

—:&maﬂ! Jid cibaaal) cldlaa) lwa -

AE A A e el da phaall il el oy
AZ100 —-200 =tan ' — +C
AN

Example :

AZ00-200=tan

3 15770792—156679680+180: tan ™ 28.24

+180=1733325.1
10410152-10435159 —25007

A Bl e el d 5 0 daaad) e cldaY) claa o lad JSGasY) il 2

A Easting = Horizontal Distance x sin (azimuth)
A Northing = Horizontal Distance x Cos (azimuth)
Easting = easting B + A easting

Northing =Northing B + A northing

Example for station 10 :

A Easting = 151.185x sin(6°59 43.53") = 18.4128

A Northing = 151.185x Cos(6°59 43.53" )= 150.0595
Easting = 158016.75 +18.4128 = 158035.159
Northing = 110084.18 + 150.0595= 110234.231

12



( ) AR gl Bk e danaadll e iy
—AL\L:\:\‘.JA;Y\ XYY d-a.s.n:\ gﬂ.ﬂ\ d}d&j‘}

Ol (A cllaaall daauaal) e cldilaay) (- )

Station Easting (m) Northing (m)
1 156547.077 104228.294
2 156460.454 104084.727
3 156321.302 104034.380
4 155628.352 103606.237
oda M‘;th:\\ GPS Qh\é@}%}h&@\h)&\;ué@\@@?ﬁﬁ
s caldlaayl
(Trigs) asteal) cildlaa) (- )
Point Easting (m) Northing (m)
100 156679.680 104351.590
( )200 157707.920 104101.520
300 155565.217 103461.681
400 155534.525 103381.828

- :(Reduction of Error ) glaall sUadl) puauai -

Total Station Leica ¢ 5 (e 4lelill dasall Jlea g sa )l ddlas G podivuall Sleal)
(SIS o Sleall 13 8 eaal) i 5 (TCB05)
" = angular error &5l i sl =

+3 mm + 2ppm = distance error .

—:Error in distance - -

S, :\/(si)zjt(st)z+a2+(D><bppm)2 ........................... (2-1)

1ol dus

'S,
el e alaal: s,
oSlall g bl 5

Ol &3l i g, b

13




-:( Instrument Centering Error) 4! - -

A L) e gl salally ) 5Ss Uadldl 1aa
The Quality of Instrument Jlealldd: =
The Quality of Tripod .
The Skill of the Observer Jeall Je Jar g3 aal 115 ey =

-:( Target Centering ) 4 il sad} - -
Aoy Wadl) 13 jaiy g il e < GuSlall a5 e Faals o 5S5 eUadY) o2a
1O Cun Gl Sl (g Lgale Jpeanll g il Sleall Bllas sda s @, b
3mm + 2ppm = a,b

Al 8 elad) maat e Jl
m = (1,2 Jidasall (Lo dliall dilusall

S, :\/(si)2+(st)2 +a’ + (D x bppm)?

s, =+/(0.002)% +(0.002)° + (0.003)? + (167.675x 0.000002) = 0.004153m
( Less Important Area ) slaie) &i Cua Uasll 138

() doadl Azl 84 7 sansal) Wadd) o s Jsaall (- )
Allowable error

Important area Less important area
(example : urban area) (Example : rural area)
Measured distance AL=.0005/ +.03 m AL =.00071 +.03m
Measured angles A= 60"V A=90"+'nn
Closer error €= 0006 | +.20m €=.0009 X[+ .20m

Where L= measured length, A= angle closure error in second
n=number of measured angles,

Aolosa JS A Uadd) jlala g cillaaall ¢ 35 g jial) cldlosal) (-)

Line Distance ( m) S, (m)

() ()
14




- Ll ubd B eladl) - -
S-SR PR\| DY WU EQ [ RE K\ e AP [ S SN {5 PUNITSVOS  W PYSE WREGWON I PN
il e oo @bl s Uad e lgras
Pointing Errors 4 sill b slaal =
Reading Errors .
A 28R (38 5 Alas Sl (0 Lagie gl Uadll

anr = T ........................................................ (2-2)
O e
el il s 4 sl e il Uadll s 05
ALl dasdl Slea oo gl Uadll is
‘n
(5 sty s pend Ly 585 4500 () 65 Undlll 138 A
2 X 5!{
Sap = + \/Z =15

ey A el maal -

§ e pliaal) cildlas) musaail 48 Hha (e A
1) Least Square Method .

2) Linear and Angular Misclosure Method .

Uasll cavn Jlas) JS i s 48 )l (30 ¥ @l 5 mmiatll & V1 4G Hhall Leadiiad a3
A8 s e Alaglaa an Gl g4 3 e gl
A il 43l Eua (C Link Traverse) Saatiall t.zud\ pladiu &5 28 g Cilaliadl) e gl sl Bac Slla

-:Least Square Method - -
X=(ATATATL i

U‘ cus

-
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Unknown matrix ; X

Jacobean matrix :A

Observation matrix :L

Variance matrix : V
il g laidall fua 2aaT 25 38 9 A3 lall 03¢] Aalal) D8 ghiaall (e 3 jle AU juall
cillan ) Lesbs ol el Jialaall 5 clasall 8 a3 3l el ) e el Cild dadll

(
The Jacobean Matrix A:

6F1 aFl 6F1 6F1 ............ aFl

odxy ody,, odx;, ady;, odx,,

oF, oF, oF, o/ 76 F,

adxlO adle adX:ll adyll adxlzl

A=
oF, oF, oF, oF, oF, oF,

( 12 ) ( 12 ) ( 12 ) ( 12 ) ........... ( 12 ) ( 12
adxm 6dy10 adxll adyll adXJ.3 6dy14
oF, oF, oF, oF, oF, oF,

( 13 ) ( 13 ) ( 13 ) ( 13 ) ............ (713) (713)
odx,,” “ody,,” odx,” ody;, odx,,” ody;,

Distance observation reduction:-
2 2
F(xi,yi,xj,yj):\/(xj—xi) F Y] =Y (2-3)

linearization:

Taking the derivatives of last equation:

16
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8F Xi —X]-

R
F _ VY,
oy, 1J

F XX
ox, 1
OF _ Y-V,
oy, 1J

Angle observation reduction:-

q=Az, - Azg
g=tant " _tant %N p 2-4)
Yi =i Yo =Y

Taking the derivatives of the last equation:

a_Fzyi_yb_yi_yf

ox  1B? IF?
oy,  1B? IF?

The Observation Matrix L:

FlO - FlOa

F11 - Flla

F12 - FlZa

L= F13 _ F13a
_Fq6 - qua Jim

17



The Unknowns Matrix X:

dx;,
dy,,
dx,,
dy,,
X =
The Variance Matrix V: :
V10 dX14
d
vV, | QY14 | -
V12
V =
VlS
_V14_11*1
X =X, +dx
Y=Y, +dy
(AutoDesk ) J) geeli o alafinly At 1 A8Mall Cues Ayl Cilleal)
Ol A cillaaall daauaal) cbfilaay) (6- )
Station Easting (m) Northing (m) StdDevNth StdDevEst
156546.6267 104227.5642 0.03270 0.03339
156460.1777 104082.9153 0.04838 0.04502
156320.7741 104031.2170 0.04915 0.05007
155630.5778 103596.3336 0.03849 0.02615

18




L okl il Ay

=
S = VXV Where m: Number of Observations, n: Number of unknowns
m-n
Relative error ellipse
2\:\11.3“ J}A;\J\ e_)l,) @Mﬂ\ UA&}\M [ GA
il (G Jaay Al o) Ll (1S 13) Died Jadldl Juad ) Lladl) clilas)  m
-adldlas) )
N=Y E=X o paiilag
AX= X, — X,
AY = Y, — Y] e (2-5)

. covariance matrix (Qxx) Lual Jasii o g XX m
ellipse JS e ¢p5% Bl 3 Wasll of Cua relative error ellipse plasiuly dal) 43, )k
i) 45y Hh o Al YAl

Dy = F Y o Pl (2-6)

S'ax Sy
Z AxAy = ! 2 ] ................................. (2'7)

S Axy ST ay

A, =X, — X
A = Y = Y e (2-8)
-1 0
S ax Sy o[-t 0 10 9 0 -1
Spwy Sty | [0-10 1) T*TI1 0
0 1
2
tan(2t) oy e (2-9)
Ay ~ MAx
Oau = Oy SIN? (1) + 20, COS(E) siN(t) + ], COS? (t)
Oay = Oy €OS? () — 20, COS(E)SIN(L) + O SINZ (). ovveeees (2-10)

19



Su =S, Oau

S, =S\, (2-11)
. Su(max)
relativeaccuracy = D e (2-12)

B

:Q\ [WEEEN

Su(max) exie a5 s ladll S5k 4 : Di

= Adul) il & jeda (AutoDesk) gty (Al baa ) &8 Al lel jall Jia) any

Al adYl ad ( -)

Angular error 0-0 -1
Angular error/se - -
Error North -0.0117
Error East 0.0282
Absolute error
Error Direction S14-15-18 E
Perimeter 1460.1190
Precision 1in127.2712
Number of sides 5

Semi-Axes are at 95% Confidence Level

Dlemmaai Ayl js s JS A AR ey Ll gl s ashall J ey JUl Jsasdl
Mg B ganall Ll g3l Gl JS kg 5 Al haghdl) § (- )

Type Pntl Pnt2 Pnt3 Measured StdDev Adjusted Resid

DIST 100 181.0680 . 181.8944 0.8264
ANG 200 123-20-31.50 2.900 123-20-31.50 -258.50
DIST 16 . 0.005 168.5133 0.8383
ANG 0 164-01-20.00 4.900 163-51-12.18 -607.82
DIST 4 148.8490 0.005 149.6775 0.8285
ANG 3 300 148-00-50.00 3.200 148-06-23.60 333.60
DIST 3 815.778 0.006 815.7784 1.2314
ANG 2 4 168-10-50.00 3.400 168-07-58.89 -171.11
DIST 300 85.5660 0.005 85.5482 -0.0178
ANG 400 400 174-42-00.00 7.400 175-07-56.98 1556.98
DIST 2 147.9800 0.005 148.6812 0.7012
ANG 1 3 219-00-15.00 5.300 218-47-16.65 -778.35

20
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Soally JALl) duusia

A3 e 4SS 5 s pall ana 330 s Le Gab Jualis et s3le Y dsalisall Jlae ) ey .

Lo il (o sd) )l ama s iy 281 5l) ) (Ao panan Gkl SIS L G Bkl
Al 3)omlas¥l 8 s sall (DHV) aranaill qeladl 55 sall aan s olas¥l b s sall (ADT)
(b

Acle pll 3o skl 1 aadind Al Gl ol dae 48 2 5y 5k e 4BUS 5 5 el ana
b Gaohll leerdy Cosu A AR AL 50 g s I 4SS 5 g sall aaas s fid B Gy pk
Glua Gasb pe Al G 5 o)kl arealy o 58 @l oAl dmdel ) Aelia LS
O Alh g (3l arenali g lpladidlee (8 laa age pall aaa 48 124 ) 5 sl Jandll
Al 15 281 Cliniall wanai s L s 5 bl 230 3385 Ja

) L) sl Al 55,30 debu I olail JST 5 pal) Ao apan o 4dld 13 1) ALYl

O KU gl aan 0 O0( - ) omsdle 4

-:(Traffic Volume) -

Limadnia) 8 JOA Aime 3dad JUA e pad Al LS jall 220 02 3 ke 58
i AN GLS pall dae e 5 e Ll e o jes ) ALK e caling gay cpaladyl gl sl gl
bl e (e Jsh sl Aime dilsa e

138 3 0351 il e 5 s e
:Annual Average Daily Traffic (AADT) (e sl )sall aaad (g sl Jaus sidll
- Go ool s Al all 2ae e Lo sudia (5 siudl 5 all ann 5
:Average Daily Traffic (ADT) Ll aaal (oo gl Jass giall
ALY e e Lo gube i g S8l 500 83 520 Agia 3558 JOA S 5 pall paan 8
A3l
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el 84S ya lgias 55 (D) & sieslS s 5 (S)
V=D*S................ (3-1)
- ogal aaa A 3 e dingd -

03055 3 yal) (3l apaai

= L) aliin¥) 5 LS jall ae alSal Gl agilall als el (8 4iled o Blae Gl @ gua 50 (B

& okl and e dgle J geand) & Lay 43 jlie o DB () 6 (o gas @8 giall 222l GY (B0 e iy apanalll
cGaobll baea G138 e s ez 55l Goohall e () pgde g Cua JWAT 4y

A ) lind Julaally LSl s cddall 5 A pgead) 5 Adabiadly A8y yhall o3 Sliciy Aldls ) sl 5l 8 yseea

okl e -

cu&)ﬂ\wﬁjw@gym‘&dﬁﬂ\ﬁ;}g&d\e&'ﬁbﬁ)wdﬂ)ﬂ\wu\
Jaalisale) ) dalay s 4aidle ye 3okl praali Wasy 5 63 yidll o3a JIA 5 yall ans

A sk A ) 5yl apanail) Lal (Jaalill sale Y 5 paisall dalad) () (5505 el 5 58 (3 k) ananai o)
oS IS sl 3ol )

o) paa Joa cilaglaall Judas -

Gkl (el il lade saag (63 52 835 (e e | s Las ¢ lall Jaudl s )
e 2 Gl A gl ik () S Gyl s Ales (8 pgn el el 3 3 IS @ giall
128 S5 aaanaill & (AD.T ) osmdl sl Jama adiin 5 ananaill 5 58 A o8 giall 55 yall ana
LAY S5 e i Jand
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GlId A (e ala SV el ayan g ddliae ol i g ddlise el A LS all slast dlee ol
(D.H.V) (Design Hour Volume ) axeaill o sdlaie ) alvw (s3] 5 anliall LS jall d2e s a4
A Slbeadl (8 e o

gl sl e sl Gl 5 apanatll 8 axiiisall LS all Jare ol 23S jlie V) e 3291
(* o * * 5 yall ) jludl 230 3 pia LS e (e Ll Ly LS al)

(20) J arasaill 5 5 daing o gus

-( Traffic Marking) -

Cra 2 Yl ] Lgatd g L) 5 3all e ie 5y pall a5 kel Fia 3kl ale Jody
Al i ) gall g 585 aiadl 5 ela¥) G (il Gy k) el jlull 48 a aplanil Apegas ) gal 2 ga
Bkl alal e ciliasl 3 Cangll (38as
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2ol cladle Calaa - -

i () Sy da 53 3e ) 33 e cdabaia sl Abiaia Jaghad e 3 ke Gkl e g el ladle ¢
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- P Skl
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audl dga
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el e 5 line anl o) (a8 AlS Jie cladaldil] die dalas (3 hall mdass o LS sy (iS5
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20 = (padaddd) cpp ddliall W
33.69 m2=(A1) (Station 1+160) .
28.94 m®= (A2) (Station 1+180) .
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0.23 m* .= (Fi.1) (Station 1+040)
10.80 m® = (Ci.y) (Station 1+040) .
18.23m? = (C;) (Station 1+060) .
20m = (D) uwbiall (i ddladl =
Vi, =2.35m°
<

Vo, = %(10.80 +18.23)" (20)

V,, =290.31m°
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5.77 m? = (F;) (Station 1+020)
1.65 m? = (C)) ( Station 1+020) .
16.51 m* = (Fi.1) (Station 1+000) .
20 m = gpabidl G Al J) e 5 (D) =

X/
L X4

V,, =16.8m°

V,, =217.8m°
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2.02 m?*= (F;) (Station 0+740)

19.78 m? = (C;) ( Station 0+740) .
4.63 m* = (Fi+y) (Station 0+760) .
5.56 m* = (Ci+1) (Station 0+760) .

20 M = Cpadaiall o ddldl) ) 3e 55 (D)

1 e

. Lﬁjha,} )ﬁ;“ s
V,, = %((19.78) +(5.56))" (20) = 253.37m°
:Lﬁjhagé (:JJS\ Lol s

Vy = %(2.02 +4.63)" (20) = 66.47m’

3 LS o smally clalusdll 3 sl o5 2Ll ukiys o

57



p V5 siall ClueS (2-5)

Cut Total
Station Cut Fill Cut Fill Volume Fill Total
. Area (m2) | Area(m2) | Volume (m3) | Volume (m3) (m3) Volume (m3)

0+000 7.785 0.019 176.331 3.769 176.331 3.769
0+020 9.848 0.358 176.76 61.619 353.091 65.388
0+040 7.828 5.804 138.922 64.524 492.013 129.912
0+060 6.2 0.548 117.315 107.977 609.328 237.889
0+080 5.647 10.082 140.09 186.788 749.418 424.677
0+100 8.496 8.337 140.532 161.669 889.95 586.346
0+120 5.678 7.573 137.32 102.988 1027.27 689.335
0+140 8.148 2.546 134.969 30.132 1162.239 719.466
0+160 5.425 0.414 219.937 30.419 1382.175 749.885
0+180 16.745 2.579 314.334 32.981 1696.51 782.866
0+200 15.022 0.666 291.318 6.67 1987.828 789.536
0+220 14.11 0.001 209.73 43.031 2197.558 832.567
0+240 6.863 4.302 149.477 74.767 2347.035 907.334
0+260 8.554 2.772 152.368 62.809 2499.403 970.143
0+280 7.103 3.158 134.915 73.329 2634.317 1043.472
0+300 6.812 3.784 140.741 49.753 2775.058 1093.225
0+320 7.784 0.934 261.38 9.6 3036.438 1102.825
0+340 19.141 0 428.378 3.915 3464.816 1106.739
0+360 23.697 0.391 354.194 4.196 3819.01 1110.935
0+380 11.723 0.028 266.877 0.281 4085.887 1111.216
0+400 14.965 0 223.179 0.355 4309.066 1111.571
0+420 7.353 0.035 194.716 0.355 4503.782 1111.925
0+440 12.119 0 210.827 0.479 4714.61 1112.404
0+460 8.964 0.048 133.662 14.482 4848.272 1126.886
0+480 4.402 1.4 116.945 23.089 4965.216 1149.975
0+500 7.417 0.819 152.655 9.47 5117.871 1159.445
0+520 7.98 0.091 190.949 0.958 5308.82 1160.403
0+540 11.23 0.001 165.629 2.124 5474.45 1162.527
0+560 5.397 0.205 144.761 4.767 5619.21 1167.295
0+580 9.079 0.272 191.905 2.718 5811.115 1170.012
0+600 10.112 0 171.663 15.489 5982.778 1185.502
0+620 7.054 1.549 173.475 15.732 6156.253 1201.233
0+640 10.293 0.024 186.957 0.249 6343.21 1201.482
0+660 8.403 0.001 153.426 1.975 6496.636 1203.457
0+680 6.94 0.197 149.811 2.13 6646.447 1205.587
0+700 8.041 0.016 233.757 0.756 6880.203 1206.343
0+720 15.334 0.06 351.142 20.777 7231.345 1227.12
0+740 19.78 2.018 253.373 66.47 7484.718 1293.589
0+760 9.557 4.629 82.888 92.221 7567.606 1385.811
0+780 2.731 4.593 56.576 77.166 7624.181 1462.977
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0+800 2.926 3.123 67.151 47.24 7691.332 1510.216
0+820 4.017 1.358 185.309 14.599 7876.641 1524.815
0+840 14.902 0.021 330.874 15.926 8207.515 1540.741
0+860 18.55 1.476 468.555 14.758 8676.07 1555.499
0+880 28.305 0 395.466 6.104 9071.537 1561.604
0+900 11.241 0.61 116.514 90.035 9188.051 1651.639
0+920 0.41 8.393 4.103 206.935 9192.153 1858.574
0+940 0 12.3 28.456 232.092 9220.609 2090.666
0+960 2.809 11.712 39.042 215.723 9259.651 2306.389
0+980 1.004 10.716 10.152 264.742 9269.804 2571.132
1+000 0 16.513 16.802 217.868 9286.605 2788.999
1+020 1.651 5.772 127.476 57.908 9414.082 2846.907
1+040 10.804 0.235 290.312 2.349 9704.394 2849.256
1+060 18.227 0 407.059 0 10111.454 | 2849.256
1+080 22.479 0 446.244 0 10557.698 | 2849.256
1+100 22.145 0 498.28 0 11055.978 | 2849.256
1+120 27.887 0 1231.56 0 12287.538 | 2849.256
1+160 33.691 0 626.341 0 12913.878 | 2849.256
1+180 28.943 0 460.974 0 13374.853 | 2849.256
1+200 17.155 0 221.416 3.871 13596.269 | 2853.127
1+220 5.084 0.393 97.849 13.462 13694.117 | 2866.589
1+240 4.591 1.035 149.887 10.587 13844.004 | 2877.176
1+260 10.398 0.024 173.674 0.513 14017.677 | 2877.689
1+280 6.969 0.027 155.584 3.054 14173.262 | 2880.743
1+300 8.589 0.278 142.593 26.97 14315.855 | 2907.712
1+320 5.67 2.419 143.414 24.419 14459.269 | 2932.132
1+340 8.671 0.023 169.793 0.751 14629.062 | 2932.883
1+360 8.473 0.049 158.91 2.342 14787.972 | 2935.225
1+380 7.571 0.175 150.796 12.021 14938.768 | 2947.246
1+400 7.709 0.975 164.633 9.756 15103.401 | 2957.002
1+420 8.754 0 144.241 6.544 15247.643 | 2963.546
1+440 5.67 0.654 132.359 10.658 15380.002 | 2974.203
1+460 7.566 0.412 150.593 5.451 15530.595 | 2979.655
1+480 7.493 0.133 166.348 1.334 15696.942 | 2980.989
1+500 9.141 0 141.167 10.111 15838.109 2991.1
1+520 4.975 1.011 74.118 4.605 15912.227 | 2995.705
1+529.110 11.297 0 0 0 15912.227 | 2995.705
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A ial) dpam jall ol iall w8l e clia (eliier Agle 2aady ((Dliradl ) pa) Lagiiae Ll Ud a3
Aline kol JS die ¢ 5 puliall Aoy Adadiy el Al ahatally (intiee 4 slen Clilisa; Lgudany (e Bacliiall
Gy (in a5 pdall el (g gl g sanall Jias cane (uliia (385 13 500 pull (e a o paile 0 5l

(-)

A U lbaad) U J gaall

el 4050
dS Om N -
Cnakaia JS O pll ana + aall fulliia el 4050
il ol ol cpalaia JS -
(m) (m3) (m3) (m3) (m3)
1 0+000
176.331 3.769 172.562
2 0+020 172.562
176.76 61.619 115.141
3 0+040 287.703
138.922 64.524 74.398
4 0+060 362.101
117.315 107.977 9.338
5 0+080 371.439
140.09 186.788 -46.698
6 0+100 324.741
140.532 161.669 -21.137
7 0+120 303.604
137.32 102.988 34.332
8 0+140 337.936
134.969 30.132 104.837
9 0+160 442.773
219.937 30.419 189.518
10 0+180 632.291
314.334 32.981 281.353
11 0+200 913.644
291.318 6.67 284.648
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12 0+220 1198.292
209.73 43.031 166.699

13 0+240 1364.991
149.477 74.767 74.71

14 0+260 1439.701
152.368 62.809 89.559

15 0+280 1529.26
134.915 73.329 61.586

16 0+300 1590.846
140.741 49.753 90.988

17 0+320 1681.834
261.38 9.6 251.78

18 0+340 1933.614
428.378 3.915 424.463

19 0+360 2358.077
354.194 4.196 349.998

20 0+380 2708.075
266.877 0.281 266.596

21 0+400 2974.671
223.179 0.355 222.824

22 0+420 3197.495
194.716 0.355 194.361

23 0+440 3391.856
210.827 0.479 210.348

24 0+460 3602.204
133.662 14.482 119.18

25 0+480 3721.384
116.945 23.089 93.856

26 04500 3815.24
152.655 9.47 143.185

27 04520 3958.425
190.949 0.958 189.991

28 04540 4148.416
165.629 2.124 163.505

29 04560 4311.921
144.761 4.767 139.994

30 0+580 4451.915
191.905 2.718 189.187

31 0+600 4641.102
171.663 15.489 156.174

32 0+620 4797.276
173.475 15.732 157.743

33 0+640 4955.019
186.957 0.249 186.708

34 0+660 5141.727
153.426 1.975 151.451
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35 0+680 5293.178
149.811 2.13 147.681
36 0+700 5440.859
233.757 0.756 233.001
37 0+720 5673.86
351.142 20.777 330.365
38 0+740 6004.225
253.373 66.47 186.903
39 0+760 6191.128
82.888 92.221 -9.333
40 0+780 6181.795
56.576 77.166 -20.59
41 0+800 6161.205
67.151 47.24 19.911
42 0+820 6181.116
185.309 14.599 170.71
43 0+840 6351.826
330.874 15.926 314.948
44 0+860 6666.774
468.555 14.758 453.797
45 0+880 7120.571
395.466 6.104 389.362
46 0+900 7509.933
116.514 90.035 26.479
47 04920 7536.412
4.103 206.935 -202.832
48 04940 7333.58
28.456 232.092 -203.636
49 0+960 7129.944
39.042 215.723 -176.681
50 0+980 6953.263
10.152 264.742 -254.59
51 1+000 6698.673
16.802 217.868 -201.066
52 1+020 6497.607
127.476 57.908 69.568
53 1+040 6567.175
290.312 2.349 287.963
54 1+060 6855.138
407.059 0 407.059
55 1+080 7262.197
446.244 0 446.244
56 1+100 7708.441
498.28 0 498.28
57 14120 8206.721
1231.56 0 1231.56
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58 1+160 9438.281
626.341 0 626.341

59 1+180 10064.622
460.974 0 460.974

60 1+200 10525.596
221.416 3.871 217.545

61 1+220 10743.141
97.849 13.462 84.387

62 1+240 10827.528
149.887 10.587 139.3

63 1+260 10966.828
173.674 0.513 173.161

64 1+280 11139.989
155.584 3.054 152.53

65 1+300 11292.519
142.593 26.97 115.623

66 1+320 11408.142
143.414 24.419 118.995

67 1+340 11527.137
169.793 0.751 169.042

68 1+360 11696.179
158.91 2.342 156.568

69 1+380 11852.747
150.796 12.021 138.775

70 1+400 11991.522
164.633 9.756 154.877

71 1+420 12146.399
144.241 6.544 137.697

72 1+440 12284.096
132.359 10.658 121.701

73 1+460 12405.797
150.593 5.451 145.142

74 1+480 12550.939
166.348 1.334 165.014

75 1+500 12715.953
141.167 10.111 131.056

76 1+520 12847.009
74.118 4.605 69.513

77 1+530 12916.522
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