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Abstract
A DESGIN OF SHE'B AL-MALEH ROAD - HEBRON CITY

Project Team:

Hamza Al-najajreh Ala’ Obeiat
Maysa’ Dyreia

Palestine Polytechnic University

Supervisor:

Nafiz Naser Al-deen

This project attemps to redesign of She’b Al-maleh road from
Geomatics point of view and structure , we choose this project for its
Importance in this region. This project is an application for
engineering and technical specifications that will be considered in
highway design.

The project consist of theory and calculations chapters as
shown in the project scope. The project contains two parts: field
work and office work. The plans of the project will be contain:
Horizontal plan, profile, horizontal and vertical curves, cross
sections and the mass whole diagram .
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adull daleall Caus 9 (8 5 L 7 sensall (impact factor
I max = [(200 * N * V%) / (g*L)] % < %17
Ladle 05 Johall US . 0% o2 5 Lew 7 sasal) (maximum impact factor) J3f gl oS )8

il dal ) Bany
O.S.D sl gl ddlwa - - -

e gill 355 )l Rl Calazal O Ay ) Adlie M
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Design speed (KPH)
Minimum S.S.D (m)
Minimum O.S.D (m)
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Onmsbaall Jaad (5l 3,50 5 Ae jud) Cavea d 1) il Jshal oY) aallz( - )

ALG DESIGN SPEED(V)
GRADE Mph

DIFF.
% 25 30 35 40 45 50 55 60
5.0 75 | 134 | 234 | 397 | 602 | 849 | 1138 | 1590
5.1 75 | 139 | 239 | 405 | 614 | 866 | 1161 | 1621
5.2 75 | 144 | 244 | 413 | 626 | 883 | 1184 | 1653
5.3 75 | 149 | 249 | 421 | 638 | 900 | 1206 | 1685
5.4 75 | 154 | 254 | 429 | 650 | 917 | 1229 | 1717
55 75 | 158 | 259 | 437 | 662 | 734 | 1252 | 1748
5.6 75 | 163 | 263 | 445 | 674 | 951 | 1275 | 1780
5.7 75 | 167 | 268 | 453 | 686 | 968 | 1297 | 1812
5.8 75 | 171 | 273 | 461 | 698 | 985 | 1320 | 1844
5.9 75 | 175 | 277 | 469 | 710 | 1002 | 1343 | 1876
6.0 79 | 179 | 282 | 477 | 722 | 1019 | 1366 & 1907
6.1 82 | 182 | 287 | 485 | 734 | 1036 | 1388 | 1939
6.2 86 | 186 | 292 | 493 | 746 | 1053 | 1411 | 1971

V: Design Speed (mph)
L: Length of Curve (ft)
ALG: Algebraic Difference of the grades
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.(Optimum moisture content) 4l Ll 4 s ( Maximum Density)

ety el Al 5 AN il slaall 288 Aalad) AEUS 5 Auda 1) 48K Had gl
(1-6) S & Allial) olal) dns dad

11.65 =
152.6 =
3 2124 = x (4=D2n) =
= Al aaa
:(2-6) (1-6)
.3 | 1.707 = 2124+ 3626 = + =
.6.3% =102.51 +6.49 =<l duall 55+ =
3/ 1.607 = (1+.063)+ 1.707 = ( + )+ =
(Sub-Base Course) (1-6)
5 4 3 2 1 (Test No)
250 250 250 250 200 (ml)  Adladl clall 4s

9162 9288 9360 9224 8742 (gm) Adxall+

5116 5116 5116 5116 5116 (gm)

4046 4172 4244 4108 3626 (gm) Ll (05
1.900 1.964 1.998 1.934 1.707 (gm/ cm?)
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(Sub-Base Course) (2-6)
‘AS’A4’A3’A2‘ Al
1777 | 159.0 1580 @ 1814 = 1354 (gm)
14765 | 1358 | 139.9 | 165.7 & 12891 (gm)
|

|
|
30.8 | 30.88 3216 3153 | 264 | (gm)
|
|
|
|

3005 | 2316 18.06 1564 = 6.49 (gm)
| 116.85 | 1049 1077 1342 | 10251 (gm)
. 257 | 220 167 116 | 6.3 (wcob)
. 1511 | 1609 | 1712 | 1732 | 1.607 (gm/ cm3)

4 gh 1) A yyaas

a1 Agad A8La)) AEUS 5 4 oyl A (4 A8Da1I(1-6)
3 [ 1.732 = (maximum density)

% = (Optimum moisture content)dtiall elall dsus
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()
___________________ .
:
_____________ 1
1 1
1 1
1 1
1 1
1 1
'0.1 0.2 raillosy
| 1
/’Clu,maﬂ‘dﬁi i
’ | |
AN .
i) l 0.1 "0.2 "0.3 (in)
caaadll Jiaid) 4l
Dol i msaai 44K (2-6)
( CBR For sub-grade) (3-6)
No. of 10 30 65
Blows
Penet. | Dial Load Stress Dial Load Stress Dial Load Stress
Depth
mm kg kg/cm2 kg kg/cm2 kg kg/cm2
0.5 15 375 1.91 24 60.96 3.12 23 58.42 2.99
1.0 27 67.5 3.44 45 114.3 5.85 38 96.52 494
15 33 82.5 4.21 71 180.34 9.23 50 127 6.50
2.0 39 97.5 497 145 368.3 18.85 66 167.64 8.58
25 43 107.5 5.48 170 431.8 22.10 85 215.9 11.05
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3.0 47 117.5 6.00 186 @ 473.79 2426 @ 112 284.48 14.56

3.5 51 127.5 6.50 202 | 511.88 26.21 @ 144 365.76 18.72

4.0 55 137.5 7.01 208 | 527.70 27.02 @ 182 462.28 23.67

4.5 59 147.5 7.52 215 27.95 @ 223 566.42 29.00

5.0 62 155.0 8.00 28.50 @ 275 698.5 35.76
6 69 1725 8.80 29.1 | 382 970.28 49.68
7 74 185.0 9.44 31.06 = 388 985.52 50.46
8 79 197.5 10.10 32.27 | 480 1219.2 62.42
9 84 210.0 10.71 670.07 3431 556 | 141224 @ 7231
10 89 222.5 11.35 279 | 707.37 36.22 15

11 93 232.5 11.86 293 | 744.67 38.13

12 252.5 12.88 314 | 797.01

Strees (kg/cm2)

—e— Seriesl —m— Series2 — — Series3

6

Depth of penetration (mm)

8

(S ¥y 5ol ke o 4831 (- -6)

10

12

14
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( ) ( -6)
CBR Results

No. of Blows 10 30 65
Moisture Content %
Dry Density  gm/cm®
Penetration mm 2.5 5 2.5 2.5
Stress Kg/lcm®

N

%

15

155

16

1.65 1.7
Dry density (gm/cm3)

(CBR s &lall Sl o a85ll) ( - )

1.75

18

1.85
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No. of

Blows

Penet.
Depth

mm
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
115
12.0
12,5

Dial

22
33
42
49
60
66
73
77
83
88
95
100
105
109
113
118
122
126
130
135
138
143
147
150
155

10

Load

kg
55.0
82.50
105.0
1225
150.0
165.0
1825
1925
207.5
220.0
237.5
250.0
262.5
272.5
282.5
295.0
305.0
315.0
325.0
337.5
345.0
357.5
367.5
375.0
387.5

-:(base-course)

( CBR For base course) (5 - )

Stress

kg/cm2

2.80
4.20
5.35
6.25
7.65
8.41
9.31
9.82
10.58
11.22
12.11
12.75
13.39
13.90
14.41
15.05
15.56
16.07
16.58
17.21
17.60
18.23
18.75
19.13
19.77

Dial

53

72

89
103
116
130
143
154
163
173
183
191
200
209
217
224
231
241
249
256
265
272
279
285
292

30
Load

kg
1325
180.0
222.5
257.5
290.0
325.0
357.5
385.0
407.5
432.5
4575
4775
500.0
522.5
542.5
560.0
577.5
602.5
622.5
640.0
662.5
680.0
697.5
712.5
730.0

L ol Jant A 4y 20
65
Stress | Dial Load
kg/cm2 kg
6.76 78 195.0
9.18 127 | 317.5
11.35 168 | 420.0
13.13 287 | 7175
14.79 305 | 762.5
16.58 340 | 850.0
18.23 373 | 9325
19.64 407 10175
20.79 437 | 1092.5
22.06 465 | 1162.5
23.34 495 | 1237.5
24.36 524 | 1310.0
25.51 520 | 1300.0
26.65 573 | 14325
27.67 595 | 1487.5
28.57 620 | 1550.0
29.46 647 | 1617.5
30.73 673 | 1682.5
31.76 698 | 1745.0
32.65 722 | 1805.0
33.80 746 | 1865.0
34.69 773 | 19325
35.58 798 | 1995.0
36.35 823 | 2057.5
37.24 845 | 21125

Stress

kg/cm2

9.94
16.198
21.42
36.60
38.90
43.36
47.57
51.91
55.73
59.31
63.13
66.83
66.32
73.08
75.89
79.08
82.52
85.84
89.03
92.09
95.15
98.59
101.78
104.97
107.78



s e 4 jdl) Cillia gadl)

—e— Seriesl —&— Series2 Series3

g
’ ’ Deptheof penetratio?'l(mm) ” - B
(SLeal)s a0 ik o A8 (- )
( ) (6-)
CBR Results

No. of Blows 10 30 65
Moisture Content %
Dry Density gm/cm3
Penetration mm 25 5 2.5 2.5
Stress Kg/cm2
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CBR %

165 1o 195 2 205 215
Dry density (gm/cm3)
(CBR s 4alal) 44U ¢y 48Mall) ( - )
-:(Liquid Limit Test) gl 33 -
A 2l 4 gl 2 (7-6)
A30 A20 A22 Addal) o8
22 26 30
31.2 31.3 30.56 () 4ddal)
123.8 111.2 95.6 ( ) + dgky Al ¢y
98.5 90 79.4 ( ) + Al dial) ¢
67.3 58.7 48.84 ( )
25.3 21.2 16.2 ( )
37.6 36.1 33.2

G sina s ol 330 cp M) Jiay 1 JSEN Jias g
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Lugh ) s g ch ) 23 3 Al

.

38

36

~% 34

32 ,%

22

30

Asha (s sina s il el a3l (- ) O Jiagy

All

31.3
83.8

75.7
44.4
8.1
18.2

Plasticity index (P1):

-:(Plastic Limit Test) -

(-)
addal) o8
() Addal)
() + 4k Al 0139
() + dla ddal) 0
()
()

0618.2 = Aual) 3 A sha e g8 A galll 2 i



Jlih e 4 pdall Gl gail)

PL = LI = Pl 1-6
Pl =36.3-18.2= 18.1

) gl 4y i -

o L IS A alagl 5 Al Agliial) luliall il sl 5 8 54 sall 7 il 5 gacaial)
Percentage ) (sl (e e g SASY 3l sall 45 5all dpill (o 3ale paill (5 yan s Al KU ()54
Claliall <l ol el 58 A yaill o3a (e Caagll () 5 e JAie e e Al 3 sall A Sl (finer
4 yra 2o ld LaS () Aduda Leaal g 3aphall Jlae Y A il culiadall o) go HLad) e ac by dglisal)
.(Compaction) cleall daul g3 lpoailad i Aollad j j8 8 4 5l sl o il

wdaadl Ak - -

asnatil) ) Al (8 saia b avuiil) Ao g la) Al e (sl Lle (5 yaan Al Al 22 a3 -
Ada¥) dall Jiadl) sas s ddlaie Ae Ao Jpanll Glaal @lly (

S LS ST 38T o5k G L Apn ST Gl e Aiall 551 aing 5 Gl e 30U Aigal) 5 -

ST 5 S sl

b Al m g ( ) Asulall Jalial) s 5 -

() A 5 23 4 aill o3 8 Jiasl) ) SelSaal) Joasill o o) ddand 5 sl -

B O )s (P ele ) e IS e (Ariall 25 Al eleil ae -

(M1) 43l (LW 0550 ) dae S o il dusi *
Y% F(ML el Al g5/ Jaial e duall ()5 5)

()
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=22.135+15.62+15.144 =(4+10+20)

sieve # | sieve opening

mm
4 4.75
10 2
20 0.85
40 0.425
60 0.25
140 0.106
200 0.075
pan | -
2

o (b-7-6)

weight retained on | % weight retained

each sieve

151.44
156.2
221.35
174.32
100.2
116.61
36.16
43.72
1000

1000= diall I

221.35 =
=%  *(1000/221.35) =

47.101 =%52.899 %

% retained

15.144
15.62
22.135
17.432
10.02
11.661
3.616
4.372

cumulative

.52.899

% pass

15.144 84.856
30.764 69.236
52.899 47.101
70.331 29.669
80.351 19.649
92.012 7.988
95.628 4,372
T R —
JSal iy
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JM‘MJM\M%MM‘

100

//'/ 60
0

/ 20
0

%)

Dlall A g JAial) datd 0 48 (- ) I8 Jiagg

feR plae A0 DA (e 4 5l ) 2l (5 gl o i) (S
% 4 Lal Hlliall 45 gl Gl 518 Jiay s 0 (Effective Diameter) (D,,) -
) )l e Al s 4 Al Ae e ) A
Ll A il s G Al Jiar s 5 :(Uniformity Coefficient) ( C,) -

e e Jdl i e D)y 9 Al Ll Ll & gl Gl had ) Dy % 4l W

= e 2-6
DlO
C, =2 —10714
14

AUl A8Mal)l w22 55 1 (Gradation Coefficient)(C.) -3
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C — (D30)2
DlO * DGO

_ (0.43)*

=) _0.388
1.5%0.14

BN "\3@&\3\.\3 -

Ll s 45l Caiail (AASHTO) Al g ss by Lle Uleas il 4 il il e ol
bl
35% > 4.372= 200
18.2= (PL)
40 >36.3 = (LL)4 sead) 2
18.1 =(PI)
Gl=(F-35){0.2+0.005(LL-40)}+0.01(F-15)(PI-10).........ccvvvvennneen...4-10
Where:
Gl= Group Index.
F= Pass from sieve #200=10.368
Gl= (4.372-35){0.2+0.005(36.3-40)}+0.01(4.372-15)(18.1-10)
=6.5

(silty or clayey gravel and sand ) (A-2-6) - 4 il ol S
.(Sub Base ) A4S 46kall 038 slaie] (S AASHTO

33.2 % = CBR 4
( ) eranaill Laslaie ) (S ad ed Apisandill cilial sall e Tl
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Gaohll ALY asanatl

4 yal) ddaa HIt AilETY) jualial)
hﬁku&h@j\ﬁa@é&jﬂgﬂ\&bﬂ\
Aopmall) 4y saall G158 iln
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(o hall () azaail)

5\l pa 5y i i Sl Say) (0 5 e B plall LAY ppeaatl dlee y in

- - ey godhlieda o 8 LS el A ) gaall Jlaa ¥ Jeasd e (Sl Lgil S
Adell jualiall o2 (e JS (ailiad 48 jra y il g o) Sl 4o 58 e

il gy, aeaill ke b ilon gaill oha il aladiul w3y plall LY apenaill b las
dalis e 5l L alejd allab e sbe s clall caa o JsY) gle g ciua )l
(Sub Base) (Sub Grade)au! sl sacldl) mlaw (3 5
(Base (s smanll sf s aall s el cond s il ae (e 03Ky (gl Cial) b
Cia ) arana’i 44 )la (i pid Ca s (Asphalt Concrete)idsiliny) caa )il ilid o5 Coarse)

:(Flexible Pavement) -

e el 138 335 Laga ¢ ) i) (33 yhall medand d8iadla () 65 ) 2
e s

-t (A alady) 43y ) - -
b il i g dda )l 2aas Cuay el -

EJ:\MA‘?AA.M“_ILD\)AS\ 2\5@3)\.;&.}@#\@4)?3:\-
A B A ) a5 e B 55 -
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A e s % ) G -
i) i e Fpmenl) o Rk By -
(RS Al ) i) Al -

\J\&sg#\o*u&gﬁz\acﬁw\mgﬁwﬂ\ PRV plasin
o slaall clanlly L s 5 () sSunll Jie A i  Ada slae 3l 50 2y 555 jlaaldl dda )l
20 oo Ak JS o H5ladh Y Cuay

(A4S Y 43yl ) Aua )l aladial Jiss g g el 128 3
lhall el e (e JB) LSS Y -

sk cds Y zias Y -

58 sia Lgaliag 3l & a5 el se -

(e BomS Sl 73 Y -

e Al s Dlall Al s -

(Structural Components Of Flexible Pavement) 4 jall ddua Ul 4Lai) yaliall -

Asphalt Concrete
Base Coarse
Sub Base
Sub Grade
(1-7)
A aliall e ey LeS A5 pall A ) () oS5

e g alae 3l B phall b 4 Sall 3 gal) e 3ke a5 1(Sub grade) dwl Al saclal)l -
I oda ladig (e Ll o3 Al ) sl
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A A sae 8l daida (558 5 3l Lass Al AL a5 0 (sUb base) -
13 ¢ dadall oda e elininY) (Sad dialll o3 (ailiadd 4 ghue Ayl il 3aclil) Lal g cuilS
1 o2ed cupdii Alae o ja) wy jaY) o]

OS5 Apdall Ao gie dapaidl asll (e de seas a5 (Dase course) -
2l a3l (8 G ry e s g el Ll (e Ll L jliaa) oy 3 juSa s jlaa

dy Gl Ak (348 s i Agilin) AL a5 1 (surface course) dglinyl dadaddl 4kl -

.(Prime coal) cu_xis daud (&)

= AASHTO 43k quus ddia jl) apanal o 555 (Al Jalsad) -

Gl asaaat 8 aSati il Jal gall (e de gana llia
La e 5zl s JaelSdgsn Jisa c Gl e Al JS e L) g (5SS
alae 4l Jlaad () Gl el o) 5l Ja g 1y s (Traffic Volume)
Jasad dal g Jglaay sl jasae ol pa) adals e 358l ) saall e 18 Kips

ST 5-7

= IS Ane a5 ikl (e de gana (e G sSh Gahll asaal Gl i) JSEN G WS

( )(base coarse) -
.(sub base) -
.(sub grade) -

: (AASHTO ) il élass syl 5 ALY apanaill Ol b Jas i
(Equivalent Accumulated 18, 000 Ib Single Axle Load) ESAL -

ESAL = f i x Gy x AADT X 365X N, X T 1.7
ESAL: Equivalent Accumulated 18,000 Ib Single Axle Load.
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fg. design lane factor.

Gt growth factor.

AADT: first year annual average daily traffic.
N;: number of axles on each vehicle.

fE: load equivalency factor.

F(1-7) fd dad o Jsaanll 2k
Percentage Of Total Truck Traffic in Design Lane 2-7)

Number Of Traffic Lanes

L Percentage Truck in Design
( Two Directions) g g

Lane(%)
2 50
4 45 (35-48)
6 or more 40 (25-48)

fydad 225 cpalai¥) 6 jlae 3 Lo (s 5t Lgaganai o) jall (5 k) Ll

C(fg=50%)  (1-7)

1 (- ) Jsaall e ddle Jgeanll 38 (Gy) growth factor des Ul

( Growth factor) (-)
Design Annual Growth Rate (%)
period No. 2 4 5 6 7 8 10
VIEELE growth
1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

2.0 2.02 2.04 2.05 2.06 2.07 2.08 2.10
3.0 3.06 3.12 3.15 3.18 3.21 3.25 3.31
4.0 4.12 4.25 431 4.37 4.44 451 4.64

BAlw DN
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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 10.58 11.03 11.49 11.98 12.49 13.58

10 10.0 10.9 12.01 12.58 13.18 13.82 14.49 15.94
5

11 11.0 12.1 13.49 14.21 14.97 15.78 16.65 18.53
7

12 12.0 13.4 15.03 15.92 16.87 17.89 18.98 21.38
1

13 13.0 14.6 16.63 17.71 18.88 20.14 21.50 24,52
8

14 14.0 15.9 18.29 19.16 21.01 22.55 24.21 27.97
7

15 15.0 17.2 20.02 22.58 23.28 25.13 27.15 31.77
9

16 16.0 18.6 21.82 23.66 25.67 27.89 30.32 35.95
4

17 17.0 20.0 23.70 25.84 2.21 30.48 33.75 40.55
1

18 18.0 21.4 25.65 28.13 30.91 34.00 37.45 45.60
1

19 19.0 22.8 27.67 30.54 33.76 37.38 41.45 51.16
4

20 20.0 24.3 29.78 33.06 36.79 41.00 45,76 57.28
0

25 25.0 32.0 41.65 47.73 51.86 63.25 73.11 98.35
3

30 30.0 40.5 56.08 66.44 79.05 94.46 113.2 164.4
7 8 9

35 35.0 49.9 73.65 90.32 111.4 | 138.24 @ 172.3 271.0
9 3 2 2

A% 4 siud) 334 30 L a8 535 ¢ Diise i 20 J Bale 3353 Gkl Ladla off Jliie) e

. (G =29.78%)es

3-7)



G ykall asanaill

(%)
< el
(%) (%) (%)
3 22 118
3 oy
el
(4-7)
« 7 )
1 Saalis b
3
2.5

ol LS il (5 (3-7) Jsaad) (e 32538 5 el cilialial) s cibalil 5 ol jlanad) s el

1-Passenger cars ( 10 KN / axle) = 76%
2-Axle single-unit busses ( 100 kN / axle) = %
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3-Axle single-unit trucks (110 kN / axle) = 21%

&)Y Al Jlaa¥) e Jamnll oy 5 edauld Jlaal ) cilpall Ol sl Jasad o b aayg
1ok WS (5-7)

load equivalency factor for a cars (fgar) = 0.0003135 (single axle)
load equivalency factor for a busses (fgpus)) = 0.198089 (tandem axle)
load equivalency factor for a trucks (fgruck)) = 0.29419 (tandem axle)

( Load Equivalency factor)istd Jlesl ) <l yall o 35l dasai (- -7)

Gross Axle Load Load Equivalency Gross Axle Load Equivalency
factor Load factor

KN Ib Single Tandem KN Ib Single Tandem
Axle Axle Axle Axle
4.45 1,000 0.00002 182.5 | 41,000 | 23.27 2.29
8.9 2,000 0.00018 187.0 | 42,000 @ 25.64 2.51
13.35 3,000 0.00072 191.3 | 43,000 | 28.22 2.75
17.8 4,000 0.00209 195.7 | 44,000 | 31.00 3.00
22.25 5,000 0.00500 200.0 | 45,000 | 34.00 3.27
26.7 6,000 0.01043 2045 | 46,000 @ 37.24 3.55
31.15 7,000 0.01960 209.0 | 47,000 | 40.74 3.85
35.6 8,000 0.03430 2135 | 48,000 | 44.50 4.17
40.0 9,000 0.0562 218.0 | 49,000 @ 48.54 451
445 10,000 0.0877 0.00688 = 2224 | 50,000 52.88 4.86
48.9 11,000 0.1311 0.01008 = 226.8 @ 51,000 5.23
53.4 12,000 0.189 0.0144 231.3 | 52,000 5.63
57.8 13,000 0.264 0.0199 = 235.7 | 53,000 6.04

62.3 14,000 0.360 0.0270 240.2 | 54,000 6.47



SRl el
66.7 15,000 0.478 0.0360 2446 | 55,000 6.93
71.2 16,000 0.623 0.0472 249.0 | 56,000 7.41
75.6 17,000 0.796 0.0608 253.5 | 57,000 7.92
80.0 18,000 1.00 0.0773 258.0 | 58,000 8.45
84.5 19,000 1.24 0.0971 262.5 | 59,000 9.01
89.0 20,000 151 0.1206 267.0 | 60,000 9.59
934 21,000 1.83 0.148 271.3 | 61,000 10.20
97.8 22,000 2.18 0.180 275.8 | 62,000 10.84
102.3 | 23,000 2.58 0.217 280.2 | 63,000 11.52
106.8 | 24,000 3.03 0.260 284.5 | 64,000 12.22
111.2 | 25,000 3.53 0.308 289.0 | 65,000 12.96
115.6 | 26,000 4.09 0.364 293.5 | 66,000 13.73
120.0 | 27,000 471 0.426 298.0 | 67,000 14.54
124.5 | 28,000 5.39 0.495 302.5 | 68,000 15.38
129.0 | 29,000 6.14 0.572 307.0 | 69,000 16.26
133.5 | 30,000 6.97 0.658 311.5 | 70,000 17.19
138.0 | 31,000 7.88 0.753 316.0 | 71,000 18.15
142.3 | 32,000 8.88 0.857 320.0 | 72,000 19.16
146.8 | 33,000 9.98 0.971 325.0 | 73,000 20.22
151.2 | 34,000 11.18 1.095 329.0 | 74,000 21.32
155.7 | 35,000 125 1.23 333.5 | 75,000 22.47
160.0 | 36,000 13.93 1.38 338.0 | 76,000 23.66
164.5 | 37,000 15.50 1.53 3425 | 77,000 2491
169.0 | 38,000 12.20 1.70 347.0 | 78,000 26.22
173.5 | 39,000 19.06 1.89 351.5 | 79,000 27.58
178.0 | 40,000 21.08 2.08 365.0 | 80,000 28.99
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1.7) - . - (ESAL) dai i clld aay
: ok WS (Total ESAL) e Jeanil 3G a4l

ESAL = fy xG; x AADT x 365X N, X Frriiiiiiiiiieecee s 111

ESALcgr = 0.5%29.78x28652x0.76 x 365 % 2x0.0003135 = 0.074203 x 100

ESALtruck = 0.5 29.78x 28652 x 0.21x 365 2x 0.29419 = 1.92406 x10°

ESALbuss =0.5%x29.78%x 28652 x0.04x365% 2x0.198089 = 0.24677 x 106
_ 6
ESALtotaI = 2.245033x10
PPN (6-7)dsx)
IS g 5t i8S s Gy (6-7)
CBR(Kentucky)
.......... Asphalt
43.5 Base Coarse
21 Sub Grade
b LS A ) A ) i s oy Ea
SN = 8,D; A DA F 8D A 2.7

171 7272 7373
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where :

SN: Structural Number.

ai1,az,as. layer coefficients representative of surface, base course, and sub base
respectively .

D;,D,,D3 : actual thickness, of surface, base course, and sub base respectively.

:(4-11) (Regional factor) Atiall Jalaall Glus 2
N
R = DR S R 37
12 d 12778
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

(7-7) (Rd, RS) 0 JS e e J sl oy G

( Regional Factor) satall Jaleall 4ad (7-7)

case Suggested Regional Factor
Roadbed soil frozen 5in or more 0.2-1.0
Roadbed soils dry 03-15
Roadbed soils saturated 40-5.0

(dry) 4dls 531 8 (saturated) by se-il 4 4l L ()5S Jylal) ddailaa
Al i 3 R it

R:£x0.9+ix4.5:2.1 ............................................................................. 4.7
12

12
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b WS SN Clea dlee o8 Eua

(S-soil support value) a8 <=5 (7-7) (CBR)
(S-soil support 8 oS8 (2-7) (CBR)
't WS value)

(S1-soil support value) =9
(S2-soil support value) = 7.4
(S-soil support value) = 6.5
e Al Adadil) s Jaa 55 (3-7) (S-soil support value) af i &
(SN-structural g i 4din) e ball ag a5 ¢ (ESAL = 5037) g
;b WS (SN-structural Number) ad ¢ 5Si dims 4dasi & Number)
(SN1-structural Number) = 1.20
(SN2-structural Number) = 4.4
(SN3-structural Number) = 5.3

Aliin e Jadll aa &3 (e 5 ¢(Regional Number) g e dmal) ddadil) aa Jadill 0da Joa 63 &8
T b LS SN ad ()5S Aigne ddas5 8 SN ) 20 O )
SN; = 1.40 ( from enter CBR for base course in chart)
SN, = 5.20( from enter CBR for sub base course in chart)
SN3 =6.9 ( from enter CBR sub grade in chart)

:(10-7) (9-7) (8-7) (81,82,83)p8 Sl J sl s

(layer coefficient) (8-7)
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Case of Pavement

Road mix ( low stability)
Plant mix (high stability)
Sand Asphalt

2 (layer coefficient)

Case of base course

sandy gravel
Crushed stone
Cement- treated (650psi or more)
Cement- treated (400-650psi)
Cement- treated (400psi or less)
Coarse- graded bituminous-treated
Sand asphalt

Lime -treated

Sub base (layer coefficient)

Case of base course

Sandy gravel

Sandy clay

a; suggested
0.20
0.44
0.40

(9-11)

a, suggested
0.07
0.14
0.23
0.20
0.15
0.34
0.30

0.15-0.30

(10-11)

as suggested
0.11
0.05-0.10
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a1=0.44,a,=0.14,a3=0.11

st LS

SN1=al*Dl - 1.60=0.44*D1 - D1=3.45in=3.45*2.54=8.78 cm.

Take (D1 = 10cm).

SN1 =(10/2.54)x0.75=2.95in

SN2=SN1+alD1 - 5.2=2.95+ 0.44*D2
- D2=9in=9*254=23cm.

Take (D2 = 23cm).

SN2 = 23
3.45

x0.44+2.95=6in

SN3=6+a3D3 - 6.9=6.00+0.11-D3

- D3=8.2in =8.2*.2.54 =20.82cm .

Take (D3 =21 cm).

SN3 = 21
3.64

x0.11+6.0 = 6.63 =7in

- LLS(in)  SNIias

:(base course)astll dadall claws

r LS (in) SN2 dad Jeai &

:(sub base)

(LS (in) SN e Jsad
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(S-soil support value) 3=l(2-7)
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De
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! ¥
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2
distance 8 g 8
s S 3
ground elv g 7 >
3 B %
Proposed elv § Py S
3 2 2
0+920
Area of Cut=21.27 m2 Area of Fill=0.00 m2
4\/
. I, S R S ¥
© o 21
distance 8 = ]
s E F
ground elv 8 8 A
3 2 2
R b N
Proposed elv ¥ > >
2 ® B
req of Cut=2512 m Area of Fill=000 m2
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21.27 m2 = (Al) (Station 0+920)
0.0 m2= (Station 0+920)

25.12 m? = (A2)(Station 0+940)
0.0m2 = (Station 0+940)

V = ?*[21.27 +25.12 + 4*23.20]

20 = Opadadall (pu ddliall

) il e a5 ial) dabiue clua 23

V=463.90 n"*
( )
1€ F? U,
Vo ==e——1 (D
fill ZeF‘l‘Cg ( )
1é C* u
V., ==& D
cutl ZeeF+CH ( )

pmiall G ALl 1) e 5 (D)
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CAaR 2721 kg

SINGLE UNIT THUCK
2722 - 4536 ke

BHAE THLIZHES:

« BOBTAIL
G350 - 149049 kg

= TRACTOR-TRHAILER
WESTERN DOUBLE
ROCKY MOUNTAIN DOUDLE
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A ) ciliatiall Gl

()
:( comfort of passenger)o: il dal ) pubul e araaill a5 g8 e (e 5 le iaidl)

L = 2*[ N V*/C]°®

Where:

Vi &/ dasanaill eyl

C: &/ p o (sisbrs A8 all 83 Uall 38l g sl b i) Jaae
N Oeladdl Gl a4 9) 3

Solution:
V =50 km/h =50/3.6 = 13.89 m/sec
p=+3.96
q=+117
N =0.117-0.0396
=0.0774
L=2*[(N*Vv%/C]°
=2* [ (0.0774)*(13.89)*/ (+.1)]°°
=37.18m
140m isid) Jsb of e i) 108 b el a5
%Y & s s L & sanall (Maximum impact factor) e Ji il Jsh of (e Gaaill -
| max = [(200* N * V2) / (g*L)] %
= (200 * 0.0774 * (13.89)) / (9.81* 140)
=217%<17%

Croilaall Aal ) Bins a) £+ Jslall (31 ¢ %)Y L 7 sane Bad el ase B 96Y .V Ve Ly



Length of curve=140m
Reduce Level of A =827.36
Chainage of A = 0+ 036.784

* L =2*=140m
¢=60/2=70m
* RL of A =827.36m
*RLof P=RL of A + l*P]

100
70* 3.96

=827.36+ | ———n
( 100 )

=830.14m

[*q
* RL of B=RL of P— (100)

= 830,14 + (70 11'7]
- 83833 m
*RLfC=((RL of A +RL of B)/2)
- ((830.14 +838.33)/2)
= 834.25m

* CP=RL of C- RL of P
=834.25-830.14=4.11m
*e=CP2 =4.11/2
e=2.055m



x=10 m ol Sigl dsh o Gl
x=10,20,30,50,60,70

4]

y=0.000419 x> (aall 5 (ol Y1 inial) s 23 ganl) sl )
1- At Ch = 0+ 036.784
RL on Tangent = 827.36 m
RL on Curve =827.36 m

2- At Ch = (0+036.784 +10) = 0+ 046.784 m

y = 0.000419 x> = 0.000419 * 10> = 0.0419m

RL ( for any point on Curve )= %xz + p* X+ hge
= 0.0396-0.117 10? + 0.0396* 10 + 827.36
4*70
=827.78 m

RL on Tangent(x) = RL of A + ( p)*(x)
=827.36 + (0.0396)*(10)
= 827.756m

P elial) A (e 0 dad pladinly el o cleliY) s M S
RL on Tangent(x) = RL of p + ( g)*(x)
=830.14 +(0.117)*(10)
=831.31m

g-p

4 X%+ p* X+ hg e RL ( for any point on Curve )=




0.117-0.0396

4*70
= ATY Y.

80° +0.0396* 10+ 827.36

Sle s Sl clbluall g I a5 e 138 e Aaaal 531 B Akl i JaSs

(p an g)omled)
Chainage X Y Offset | RLon Tangent | RL on Curve
(m) (m) (m) (m) (m)
0+36.784 0 0 827.36 827.36
0+46.784 10 0.042 827.756 827.78
0+56.784 20 0.168 828.152 828.26
0+66.784 30 0.377 828.548 828.8
0+76.784 40 0.671 828.944 829.39
0+86.784 50 1.048 829.34 828.36
0+96.784 60 1.51 829.736 830.73
0+106.784 70 2.055 830.132 831.49
0+116.784 80 1.51 831.31 832.3
0+126.784 90 1.048 832.48 833.16
0+136.784 100 0.671 833.65 834.08
0+146.784 110 0.377 834.82 835.06
0+156.784 120 0.168 835.99 836.09
0+166.784 130 0.042 837.16 837.18
0+176.784 140 0 838.33 838.32

- (L
qa-p

3.96* 140
11.7-3.96

adal) o 4l o adga 5 o puia da)

j =YY 1¥m



Ahii e a5 A IV el Al e 71.63M el Y cinial) e ddais e 4 g <)
)iy A pulal

x=140- 71.63 = 68.37m

il e A el e

: —q;| Py, P* X+ hgyc RL ( for any point on Curve)=

- 0117-0.03% 71.63° +0.0396* 71.63+827.36=AY) .1V e m

4*70

(1)
A0 Yalaall e Jiaid) o 5 dgles Sy ¢ IO Jinke e 5 le sa-
A Aol e iy 1 Adlse J81 Sl -

S.D=0.28*V*T + V2 [254*(F + N)]
V=50 km/h =50*(1/3.6)=13.89m/s
p=+117
g=+0.00
T=3sec
F=0.38
N=p-q
= 11.7-0.00= 11.7%=0.117
S.D = (0.28)(13.89)(3) + (13.89)% [254(0.38+ 0.117)]
=13.19m
- o gill diliee J8 Cen Jiniall sk alag) -
-Let L>SD
L = N* S.D?/ [(2H)®° + (2h)**]?
Where:



H: i (V.Y 20 0 )0e b5 Gl mhans (358 Biladl (e gl
he e (2V0- 0 0)0e s ookl pe el auall gl )

L = (0.117)*(13.19)% / [(2*1.20)*° + (2* 0.1)*7]?
=511m<SD

il ) Adlse Gl Linlia ey Jhall 138 (3] il gill ddlse JB (e S) 85mM Jshall o Ly
85m il Jsha () bl e el 138 & apenaill 25 38

Length of the Curve =85 m
Reduce Level of A =848.49m
Chainege of A = 0+263.731

L=2*1=85
* | =85/2=42.5m

|* P
* RL of P= RLof A -
100

RL.of .P = 848.49 + (%j

RL of P=853.46 m

x - 1*q
RLofB—RLofP-(looj

RL.of .B = 853.46 + [Mj

100

RL of B = 853.46m



* RL of C = ((RL of A + RL of B)/2)
= ((848.49+853.46)/2)
=850.975 m

*CP=RLof P-RLof C
=853.46-850.975
=2.458m

*e=CP/2
=2.458/2=1.243m

2
= 1.24{ X ] y = 0.000681661 X2

X =5 Jisae kil i3 sald
x=5,10, 15, 20,25,30,35 .

1- at Ch 0+263.731
x=0
y offset = 0.000681661 x* = 0
RL on Tangent = 848.49m
RL on Curve =848.49m

2- at Ch (0+ 263.731 + 5) = 0+268.731
X =5m
y offset = 0.000681661 X = 0.00068161(5*5) = 0.0170m



RL on Tangent(x) = RL of A + ( p)*(x)

=848.49 + (0.117)*(5)
=849.075m
—q;| P2y p* x4 hye RL ( for any point on Curve )=
0.0-0.117
= " 5%40.117* 5+ 848.49 = 849.06m
4* 42.5
il Zilaidl i) e aams A Jsnll
Chainage X Y OFFSET RL on RL on Curve
(m) (m) (M) Tangent (m) (m)

0+263.731 0 0 848.49 848.49
0+268.731 5 0.017 849.075 849.06
0+273.731 10 0.069 849.66 849.59
0+278.731 15 0.155 850.245 850.09
0+283.731 20 0275 850.83 850.55
0+288.731 25 0.43 851.415 850.98
0+293.731 30 0,619 852.00 851.38
0+298.731 35 0.643 852.585 851.74
0+303.731 40 1101 853.17 852.07
0+306.231 425 1243 853.4625 852.22
0+308.731 45 1101 853.463 852.36
0+313.731 50 0.643 853.463 852.62
0+318.731 55 0,619 853.463 852.84
0+323.731 60 0.43 853.463 853.03
0+328.731 65 0.275 853.463 853.19
0+333.731 70 0.155 853.463 853.31
0+338.731 75 0.069 853.463 853.39
0+343.731 80 853.463 853.45

0.017




0+348.731 85 853.463 853.46

adal) o daii o adga g gt S
w= [PrL {11.7*85) —Aem
g-p 0.0-11.7

dhaii e a8 5 A Y elall Al (e 85M dxy el Y el (e i e a8 e 03

Oy Al bl

X=85-85= 0.0m

RL (' point on Curve )= 853.46m




()

RL of A (m) 848.49
V (km/h) 50

Ch of A (Km+m) 0+386
p% 0.00

q% 10.61
Length of Curve 200
x (m) 20

s A Jsandl 8 A0V Glliad) 5 Cldasal)

AU Jsaadl 8 ALKl bl

Chianage X y RL on Tangent RL on Curve

(Km-+m) (m) offset (m) (m) (m)
0+386 0 0 848.49 848.49
0+406 20 0.056 848.49 848.6
0+426 40 0.225 848.49 848.91
0+446 60 0.507 848.49 849.44
0+466 80 0.901 848.49 850.19
0+486 100 1.408 848.49 851.14
0+506 120 0.901 850.612 852.31
0+526 140 0.507 852.734 853.69
0+546 160 0.225 854.856 855.28
0+566 180 0.056 856.978 857.08
0+586 200 0 859.1 859.1




x=(0.0* 200)/(10.61-0.0) =0.0m
ahaii e e 5 A Y el Ak e 0.0m 2r el Y ciniall (e Aads (28] 18 g <)

ey Al il

Xx=200- 0.00 = 200m

el e ddags midl G gaia

Reduce Leve of low point on the Tangent= Reduce Level of low point on the curve

= 848.49m
()
r Ml Jsaall 8 30 5V clluall (any 5 Cililarall
RL of A (m) 871.76
V (km/h) 50
Ch of A (Km+m) 0+ 640.430
p% 10.61
g% 2.88
Length of Curve 86
x (m) 5
;S Jsaall 8 ALKl llual)
Chainage X y RL on Tangent RL on Curve
(Km+m) (m) offset (m) (m) (m)
640.432 0 0 871.76 871.76
649.032 8.6 0.033 872.672 872.64
657.432 17 0.13 873.564 873.43
666.232 25.8 0.299 874.497 874.2
674.732 34.3 0.529 875.399 874.87




683.432 43 0.831 876.322 875.49
692.032 51.6 0.529 876.57 876.04
700.632 60.2 0.299 876.812 876.52
709.232 68.8 0.13 877.065 876.93
717.832 77.4 0.033 877.31 877.28
726.432 86 0 877.56 877.56

x=(2.88*86)/(10.61-2.88) =32.04m
ahii g 2 g A Y1 el AL e 32.04m e (el i) e 3k e a8 ge 3

Jlaay Al el

q-p

——— X+ p* X+ hg e

4

0.0288-0.1061

4* 43

teb WS i) 5 uladll e dhads e guia 5 a5

X=86-32.04 = 53.96m

ookl e iy e (o gusie

32.04% +0.0288* 32.04 + 871.76 = 872.22m




: AUl Jsandl 8 405V cllaal) 5 sl

()

L@ () 877.98
Ch of A (Km+m) 0+740.946
p% 2.88
q% 10.32
L 99
x (m) 11
Rl of C 874.7
CP 1.662
e 0.831
s Sl Jgaall 8 alalS cliluall
Chainage X y offset RL on Tangent RL on Curve
(Km+m) (m) (m) (m) (m)
740.946 0 0 877.98 877.98
751.946 11 0.011 878.297 878.34
762.946 22 0.042 878.614 878.98
773.946 33 0.095 878.93 879.34
784.946 44 0.168 879.247 879.98
790.446 49.5 0.213 879.406 880.33
795.946 55 0.168 880.985 880.98
806.946 66 0.095 881.302 881.52




817.946 77 0.042 881.619 882.43
828.946 88 0.011 881.935 883.42
839.946 99 0 882.252 879.98

x=(2.88*99)/(10.32-2.88) =38.32m
Ahii e e 5 A V) el Akt e 38,32M dxy el Y il (e dais e a8 ge o))

Reduce Level of low point :

g-p
4

0.1032 - 0.0288

X+ p* X+ hge =

4* 49.5

x=99- 38.32 = 60.68m

38.32% + 0.0288* 38.32 + 877.98 = 879.64m

rok WS il g eladd) o ddai Gaddl Ggaia 5 a8 50

ey Al il




4,88y cliiadal) il

()

: AU Jsaadl 8405V cliluall § cilasall

230 ()
0 %28 00 <l Ayl
17.02
8.4% sl
0.17
50 ( 1)
0.59 ()
Y @)
@)
()cl
()'c
) ()c2
00°59 56.18 | d1 il Gl Al
01°14 44.02° d 340 5al) Gl asV Ay ) )
00°4436.96 | d2 A jall el a4y ) )
A8 sl el 8Y) 2ac

@ iaiall gl ol paiVI L g ) pualie 5 4 el Gl Y1 Jsha

<l i Ay ) <l ) Ayl )
4 ) 4sl)

PC 0+011.98 00°00 00° 00°00 00
1 0+20.00 00°59 56.18" | 0059 56.18"
2 0+30.00 01°14 44.02 | 02°14 40.2°

0+40.00 01°14 44.02 | 0329 24.22"

PT 0+45.97 00°4436.96 04°14 1.18"




: AU Jsaadl 8405V cliuall § cilasall

145.00
12°22 24 a4l
15.72
% . Aglail)
0.17
50 /)
0.82 (
Y (
31.31 (
()'cl
()'c
. ()c2
9033234 | di Al Gl i Ayl
00°59 16.29° d 145l Gal a3 4yl 5
01°10 31.98 | d2 Al Gl Al

a8 sl el 8Y) 2ae

<l i A ) <l ) Ayl )
4 ) 4sl)
PC 0+059.64 00°00 00 00°00 00°
1 0+65.00 5.36 %03 32.34 %03 32.34
2 0+70.00 5.00 00°59 16.29 | 02°0248.63°
3 0+75.00 5.00 00°59 16.29° | 03°02 4.92°
4 0+80.00 5.00 00°59 16.29 | 04°01 21.21°
5 0+85.00 5.00 00°59 16.29" 05°00 37.5
PT 0+90.95 5.95 01°10 31.98° | 0611 9.48




()

: Sl Jsandl 8 405V cllal) 5 Cillasdll

QO
0 PN
5.9% Lladl)
0.1
C 1)
(@)
o Y @)
Q)
()cl
()c
. 1 (Je2
02°31344 | di 3 5a) Cal syl Ay ) 3
01°02 30.27 d TG 3a) al jas¥) Ayl
01933 7.90 | d2 PPN PR PR
A0 5l Gal 8Y) 2ae

i) iniall il Cal a1 U 55 aalia g 4 3ad) Gl 831 Jsha

<l i) Ay ) <l ) Ayl )
4 4s))

PC 0+095.15 . 00°00 00" 00°00 00
1 0+100.00 . 02°31 344" | 02°31 34.4
2 0+102.00 . 01°02 30.27° | 03°344.67
3 0+104.00 2.00 01°02 30.27° | 04°36 34.94°
4 0+106.00 2.00 01°02 30.27° | 05°39 5.21°
5 0+108.00 2.00 01°02 30.27° | 06°41 35.48"
6 0+110.00 2.00 01°02 30.27° | 07°44 5.75




_ V2
e+ f= 427R

7 0+112.00 2.00 01%2 30.27° | 08°4636.02"

8 0+114.00 2.00 01°02 30.27° | 09°49 6.29°
0+116.00 2.00 01°02 30.27° | 10°51 36.6
0+118.00 01%2 30.27° | 11°54 6.83
0+120.00 01%2 30.27° | 12°56 37.1°

PT 0+122.98 01°33 7.90° 14°2945°
:ldanall
R =230.00 m
A= 0 n oAVl A
0+011.98 =PC

J(6) il | e da B0 A -

2
—e+017 = (50)[27*230 00 = 0084 <0.10

(W) -



_nl? Y
W= et Yo siR

36.0° ., 50

2*230.00 9.54/230.00

:(T) -3

T = R*Tan(A/2)
= 230.00*Tan(4°1400 )
=17.02m

_pAR © '

~ 180 o
= (3.14*8°28 00" 230.00)/180°

=33.99m

Ch.Of PT=Ch.PC+L
=0+011.98 + 33.99
=0+045.97m

Al s 5
R/ 0=230/ 0= . m

O Lars clonlin 515500 Ly Saiall (e Aaiil) ddana () 95 Cupmsy W1 (e e sdll W pa ks
SEI (0+011.98)  PC
C1=20.00-11.98=8.02m

10m lasse (S o i a
b 5 Y1 el ol Ll i
c; = L-c; -nc
=33.99-8.02-(2*10) =5.97m

So we have



c1=8.02m
c =10m
C; = 597m
(d,dp,dp) A al Lyl Syl 6
d; = (90 * ¢1)/(3.14*R)
= (90*8.02)/(3.14*230.00)
=00° 59 56.18"
d = (90*10)/(3.14*230.00)
=01%14 44.02"
dz = (90*5.97)/(3.14*5.97)
=00%44 36.96

1(8)

: Sl Jsandl 8 405V cllial) 5 sl

125.00 ()

12°03 33 a4l
13.02
5.6% Alal)
0.1
60 ( 1)
1.01 ()
s Y @)
26.31 ()

5.81 ()
5 ()c

5.50 ()




01°195359 | d1 Al Gl i Ayl

01°08 45.30 d 145 jall Gal a3 4yl 5

01°1537.83° | d2 Al Gl W Ayl
A el (l 8Y) 2ae

Al iaiall gl Cal a1 g3 yaalia s A jadl (ul Y1 J sk

<l i Ay ) <l ) Ayl g
A 3al A<
PC 0+144.19 00°00 00" 00°00 00
1 0+65.00 01°19 53.59 | 01°19 53.59°
2 0+70.00 5.00 01%08 45.30° | 02°28 38.89
3 0+75.00 5.00 01°08 45.30° | 03°37 24.19°
4 0+80.00 5.00 01°08 45.30° | 04%46 9.49
PT 0+90.95 5.95 01%15 37.83° | 06°01 47.32"
(8

: AU Jsaadl 8405V cliuall 5 cilasall

250

@)

13°09 29

28.83

9.1%

0.1

50

0.56

R

57.41

12.41

10

5.00




01°25 1949 | di 35 3a) Cal syl Ay gl 3
01°08 45.30 d PN PR S
0034 22.65 | d2 335 5a0) Cal iyl Ay gl 3

A el (l 8Y) 2ae

Al iaiall gl Cal a1 g3 yaalia s A jadl (ul Y1 J sk

<l i Ay ) <l ) Ayl g
4 ) 4sl)
PC 0+222.59 00°00 00 00°00 00°

1 0+235.00 01°25 19.49 | 01°25 19.49

2 0+245.00 10.00 01°08 45.30° | 02°24 4.79°
3 0+255.00 10.00 01°08 45.30° | 03°42 50.09"
4 0+265.00 10.00 01°08 45.30° | 04°51 35.39°
0+275.00 01°08 45.30 | 06°00 20.69°

PT 0+280.00 5.00 00°34 22.65 | 06°34 43.34°

(8)

: AU Jsaadl 8405V cliiall  cilasall

345.00

@)

10°50 20

32.73

8.8%

0.1

60

0.50

WY

65.26

13.39

15

6.875




01°06 42.73 | di 35 3a) Cal syl Ay gl 3
01°14 44.02 d PN PR S
0034 15.17 | d2 335 5a0) Cal iyl Ay gl 3

4 )

Al iaiall gl Cal a1 g3 yaalia s A jadl (ul Y1 J sk

<l i Ay ) <l ) Ayl g
A 3al A<
PC 0+311.61 00°00 00 00°00 00°
1 0+324.02 01°06 42.73" | 01°06 42.73"
2 0+334.02 15.00 01°14 44.02° | 02°21 26.75°
3 0+354.02 15.00 01°14 44.02" | 03°36 10.77°
4 0+364.02 15.00 01°14 44.02° | 04°50 54.79°
PT 0+369.02 6.875 00°34 15.17 | 05°259.96
:(8)

: AU Jsaadl 8405V clilual) 5 cilasdll

150.00

40°08 41

54.81

2%

Al

-

0.1

60

/)

0.89

R

105.10

o~ —~
e "

7.41

5

2.685

01924 54.74

T3all Gl dyy

00%57 17.75

a8 ) cal sV a4l




00730 46.07

d2

Tl Gl iyl

a8 sl el 8Y) 2ac

i) imiall il Cal a1 U 55 aalia g 4 3ad) Gl 831 Jsha

<l i Ay ) ) <l ) Ayl )
4 ) 4s))

PC 0+392.59 00°00 00 00°00 00
1 0+400.00 01°24 54.74" | 01°24 54.74°
2 0+405.00 5.00 00°57 17.75 | 02°22 12.49°
3 0+410.00 5.00 00°57 17.75 | 0319 30.24°
4 0+415.00 5.00 00°57 17.75 | 04°16 47.99°
5 0+420.00 5.00 00°57 17.75 | 05°14 5.74
6 0+425.00 5.00 00°57 17.75 | 06°11 23.49°
7 0+430.00 5.00 00°57 17.75 | 07°08 41.24°
8 0+435.00 5.00 00°57 17.75" | 08°05 59.99"
9 0+440.00 5.00 00°57 17.75 | 09°03 16.74°
10 0+445.00 5.00 00°57 17.75 | 10°00 34.49°
11 0+450.00 5.00 00°57 17.75 | 10°57 52.24°
12 0+455.00 5.00 00°57 17.75 | 11%55 9.99°
13 0+460.00 5.00 00°57 17.75 | 12°52 27.74°
14 0+465.00 5.00 00°57 17.75 | 13°49 4549
15 0+470.00 5.00 00°57 17.75 | 14%7 3.24
16 0+475.00 5.00 00°57 17.75 | 15°44 20.99°
17 0+480.00 5.00 00°57 17.75 | 16°41 38.74°
18 0+485.00 5.00 00°57 17.75 | 17°38 56.49
19 0+490.00 5.00 00°57 17.75 | 18°36 14.24°
20 0+495.00 5.00 00°57 17.75" | 19°33 31.99"

PT 0+497.685 00°30 49.51 | 20%4 215




:(8)

:Cbdaxall
R=70m Oiniall Hlad Caial

31048 28.99" = 1V (e Al dal&iny) Gl iy Ay )

3925 56.89" = 4lill (e A i) Gl ai) Ayl
51.396 m=(BC)

Chainage of B = 0+515.43

il o b a) e
) !

— F I|I
i Ll LY Y P R LT
P e et ot

38 3okl jlue Jaad g ASlall ¢ 3 Jae aakaiosd ¥ 4l Y 135 caranail) aSa dalaiall dapla ) Loy



cosg = 0.5*(cosi+ oS é)
c0s5 = 0.5* (c0$31°48'28.99" +c0$3°2556.89")
— 5-22°2848.39’

R BC ~ 51.396
(sinl+sin2+2sin5)  sin31°48'28.99 +5sin3°2556.89" + 2sin 22°28'48.39"
— R=138.02m

3=1+5
= 54 °17 17 .38~
6=2+5
= 25°54 45 .28"
:(PRC)
p* R*3
' 180
= L, =36.02m
Chainege of PRC=Chof B+L,
=0+515.43+36.02

= Chof PRC =0+551.45m

A

_p*R*6
2 180
=L, =17.19m

Chainege of PT =Chof PRC+L,
=0+551.45+17.19 = 0+568.64m



:H‘Y\ aiall
Sl iy st al )y Slo Y1 Gl ddase JuSs Gy Cy
Loal 058 Julb s 0+553

-38.0/ _
R50=389%0 =190
C, =553-551.43=1.57m

C, =36.02 157 — (1*33) =1.45m

IS e Al Gl aiY) U s

d :90*%*;)

_ g0 *1.57 _ 1010 --
d, = 90 AS.OZ*p = 1°10 '58.76

_ *1 _ 0 s "
d =90 As.oz*p—o 4512 .58

_ g *1.45 _ 1905 :
d, =90 48.02*p—1 05 '33.25

i jal) Cal a1 Ul g 5 dana (e (3l

d,+d, +......... +d,, +d,, =01°1058.76  +(33*00°4512.58") + 01°05 33.25"
=27°0827.25"

1 il 6 5 (3) i3S pal )l s L 5 5 5 Al o3 5

=27°08138.69"

N w>



:QA;’S“ adiall

L, =17.19m
R=38.02m

%o ~1.9m

¢, =553—551.45 =1.55m
c, =17.19-1.55— (14*1) =1.64m

1.0m 14 e o gl 40 3l ) 80 Al Wl
1ol LS (5l Gl ¥ 55 0555 Lgas

_gp+1.55 01104 5"

d, =90* AB.OZ*p =01°10'4.5

_ 1.0 _ 0 ' "
d=90* AS.OZ*D =074512.58
= 1.64 -01°14'864"

A jad) Cal a1 Ul g 5 dana (pe (3l

d,+d, +......... +d, +d,; =01°104.5 +(14*0°4512.58") + 01°14 8.64
=12°57'9.26'

oY) inial 6 el (6) DS el Ay g) 31 o Ly 58 5 sl Al o3

=12°5722.64

N| o>



Point#

PCofB

O | 0 N o B~AWwWwIDN e

e A A =
gl W N ko

Y] sl

Chord | Chainage

(m)

0

I

R R Rk e

(m)

0+515.43
0+517
0+518
0+519
0+520
0+521
0+522
0+523
0+524
0+525
0+526
0+527
0+528
0+529
0+530
0+531
0+532
0+533
0+534
0+535
0+536
0+537
0+538
0+539

Deflection angle

00°00 00

1°1058.76"
0°4512.58"
0°4512.58
0°4512.58
0°4512.58"
0°4512.58"
0°4512.58
0°4512.58
0°4512.58"
0°4512.58"
0°4512.58
0°4512.58
0°4512.58"
0°4512.58"
0°4512.58
0°4512.58
0°4512.58"
0°4512.58"
0°4512.58
0°4512.58
0°4512.58"
0°4512.58"
0°4512.58

Total
deflection
angle

00°0000"
1°1058.76"
1°5611.34"
2°4123.92"
3°26'36.5"
4°1149.08
4°571.66
5°4214.24"
6°2726.82"
7°1239.4°
7°57'51.98"
8°434.56"
9°2817.14"
10°1329.72"
10°58'42.3"
11°4354.88"
12°29'7.46"
13°1420.04"
13°59'32.62°
14°44'45.2"
15°29'57.78"
16°1510.36"
17°00'22.94
17°4535.52"



1 0+540
0+541
0+542
0+543
0+544
0+545
0+546

N N

0+547
0+548
0+549
0+550
PRC : 0+551.45

0°4512.58
0°4512.58
0°4512.58"
0°4512.58"
0°4512.58
0°4512.58
0°4512.58"
0°4512.58"
0°4512.58
0°4512.58
0°4512.58"
1°0533.25"

: Sl Jsandl 8 405V cllaal) 5 sl

18°30'48.1"
19°160.68"
20°0113.26"
20°0113.26"
20°46'25.84"
21°3138.42"
22%1651

23°02'3.58"
23°4716.16"
24°32'28.74"
25°17'41.32"
27°18'6.32"

38.02 0
8.4% P
0.1

35 (1)

: 0
et R @)
53.21 ()




Point
#

PRC

O© | 00 N O o B~ WIN |-

T P P
—H o~ WP O

Chord

(m)

[

Loy

o P, P P P P P P PP PP PP P[P B O

g

(31

Chainage
(m)

0+551.45
0+553
0+554
0+555
0+556
0+557
0+558
0+559
0+560
0+561
0+562
0+563
0+564
0+565
0+566
0+567

0+568.64

Deflection
angle

00°00 00"
01°104.5

0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"
0°4512.58"

1°148.64"

Total
deflection
angle

00°0000°

01°104.5
1°5517.08"
2°40'29.66
3°2542.24"
4°10'54.82"
4°56'7.4"
5°4119.98"
6°2632.56"
7°1145.14
7°5657.72"
8°4210.3
9°27'22.88"
10°12'35.46"

10°57 48.04"

11°43'0.62
12°579.26"



1(8)

: AU Jsaadl 8405V cliiall  cilasall

0

<l a4 )
8.9% el
0.1
/)
R
()'cl
()'c
. 1 ()e2
00°42 176 | d1 33l il yaiY) g el 3
01°07 51.02 d PN PR S
0110 17.57 | d2 FRENTN RN F IR

a0l Gul 8Y) 2ae

i) imiall il Cal a1 U 55 alia g 4 3ad) Gl 831 Jsha

WAl | Gl a4
PC 0+568.13 0.00 00”00 00 00°00 00"

! 0+570. 1.87 00°42 17.6 | 00°42 17.6

2 04573.0 200 01°07 51.02" | 01°50 8.62"
3 0+576 . 3.00 01°07 51.02" | 02’57 59.64
4 04579.0 200 01%07 51.02" | 04%05 50.66"
5 04582.0 200 01°07 51.02" | 05°13 41.68"

° 0+585.0 3.00 01°07 51.02° | 06°21 32.7
! 04588.0 200 01%07 51.02" | 07°29 23.72"
8 045010 200 01°07 51.02" | 08°37 14.74°

0+594 . 3.00 01°07 51.02 | 09°45 5.76'




01°07 51.02 | 10°52 56.78
0+597 . 3.00 ’ . ’ i}
01°07 51.02° | 12°00 47.8
0+600.0 3.00 ’ . ’ .
PT 01°10 17,57 | 13%115.37
0+603.108 3.108
:(8)
: AU Jsaadl 8405V cliluall § cilasall
40 @)
35%16 53 KB
12.12
7.1% PR
0.1
35 ( 1)
1.98 ()
Y @)
24.63 ()
2.16 ()'cl
2 ()’c
2471 | ()c2
01°3249.15 | di A al) il AWl 4yl
01°25 56.62 d T8 3ol al jas¥) Ayl
01%6 11 d2 FREN PR FIE)
A 3all Gl Y
i) imiall il Cal a1 U 55 alia g 4 3ad) Gl 831 Jsha
<l i Ay ) <l ) Ayl )
4 3al) 1K)
PC 0+612.84 00°00 00 00°00 00°
1 0+615.00 01932 49.15 | 0132 49.15
2 0+617.00 01°25 56.62 | 02958 45.77




3 0+619.00 2.00 01925 56.62° | 0424 42.39
4 0+621.00 2.00 01°25 56.62 | 05%50 39.01°
5 0+623.00 2.00 01°25 56.62 | 07°16 35.63
6 0+625.00 2.00 01°25 56.62° | 08%42 32.25
7 0+627.00 2.00 01°25 56.62 | 10°08 28.87
8 0+629.00 2.00 01°25 56.62 | 11°34 25.49
0+631.00 2.00 01925 56.62° | 12°00 22.11
0+633.00 01°25 56.62° | 14726 18.73
0+635.00 01°25 56.62 | 15%52 15.35
PT 0+637.471 01%6 117 17°38 26.35
(8)
: Sl Jsandl 8 405V cllal) 5 Cillasdll
55 @)
29%00 11 RPN EYE
14.23
5.9% ERTT
0.1
40 ( 1)
1.58 ()
. )
27.84 ()
4.54 ()'cl
2 ()c
1.301 | ()ec2
02°215311 | di 3 3adl il yai¥) g el 3
01°02 30.27 d 15 32 al_jasy) Ayl
00%40 39.55 d2 FREN PR FIE)
a8 sl (el 8Y) 2ac

& iaiall gl Cal a1 g5 yalie s A jaldl (ul Y1 J sk



al a4y <l ) Ayl )
4 ) sl

PC 0+660.46 00°00 00" 00°00 00"
1 0+615.00 02°21'53.11° | 0221 53.11°
2 0+617.00 01°02 30.27 | 03724 23.38'
3 0+619.00 2.00 01°02 30.27 | 04%26 53.65
4 0+621.00 2.00 01°02 30.27 | 05%29 23.92"
5 0+623.00 2.00 01°02 30.27 | 06°31 54.19
6 0+625.00 2.00 01%02 30.27 | 07734 24.46
7 0+627.00 2.00 01°02 30.27" | 08%36 54.73"
8 0+629.00 2.00 01°02 30.27 | 09°39 25
0+631.00 2.00 01%02 30.27 | 10%41 55.27°
0+633.00 01°02 30.27 | 11%4 2554
0+635.00 01°02 30.27 | 12°46 55.81
0+635.00 01°02 30.27 | 13%49 26.08"

PT 0+637.471 00°40 39.55 | 1430 5.63

:(8)

: Sl Jsand) 8 40 5V cllal) 5 sl

135.00

@)

16°33 08

19.64

4%

Al

-




0.1

60

0.96

WY

39.00

6.07

6

2.93

01°17 17.14

Tyl Glai) &yl

01°16 23.66

Tl Gl a5

00°37 18.36

Ao all Gl ¥l 4y 5

a8 sl al 8Y) 2ac

i) imiall il Cal a1 U 55 aalia g 4 3ad) Gl 831 Jsha

<l i Ay ) <l ) Ayl )
4 ) 4s))
PC 0+733.93 00°00 00° 00°00 00
1 0+740 0117 17.14 | 0117 17.14
2 0+746 6.00 01°16 23.66 | 02°33 40.8°
3 0+752 6.00 01°16 23.66 | 03°50 4.46°
4 0+758 6.00 01°16 23.66 | 05°06 28.12"
5 0+764 6.00 01°16 23.66 | 06°22 51.78
6 0+770 6.00 01°16 23.66 | 07°39 15.44°
PT 0+772.93 2.93 00°37 18.36 | 0816 33.8°
:(8)

: Sl Jsandl 8405V cllal) 5 sl




120 ()
34°57 03 <l Ayl
37.78
6.6% Alal)
0.1
60 ( 1)
1.04 ()
Y @)
73.20 ()
1.08 ()'cl
5 ()c
2.121 ()c2
00°1528.19 | d1 4 all el a3 Ayl 5
01°11 37.18 d 1340 all ol a4yl 5
00°30 22.87 d2 A jall Gal W Ay ) )
44

& iaiall gl Cal a1 g3 yaalie s A jadl (ul Y1 J sk

<l i) Ay ) <l ) Ayl )
4l 4s))
PC 0+878.92 00°00 00" 00°00 00"

1 0+880.00 00°15 28.19 | 00%15 28.19
2 0+885.00 01°11'37.18 | 0127 5.37
3 0+590.00 5.00 01°11 37.18 | 02738 4255
4 0+595.00 5.00 01°11 37.18 | 03%50 19.73
5 0+600.00 5.00 01°11 37.18 | 05%01 65.91
6 0+605.00 5.00 01°11 37.18 | 06%13 34.09
7 0+610.00 5.00 01%11 37.18 | 07925 11.27°
8 0+615.00 5.00 01°11 37.18 | 08°36 48.45




0+620.00 5.00 01°11 37.18 | 09%48 25.63
0+625.00 01°11 37.18 | 11°0 2.81°
0+630.00 01°11 37.18 | 12°11 39.99
0+635.00 01%11 37.18" | 1323 17.17
0+640.00 01°11 37.18 | 14%34 54.35
0+645.00 01°11 37.18 | 15%6 31.53
0+650.00 01°11 37.18" | 16°58 8.71
PT 0+652.121 00°30 22.87 | 17°28 31.58
1(8)
: AU Jsaadl 8 405V clilual) 5 cilasdll
112.00 ()
12°23 09 Gl Al
12.16
8.3% PR
0.1
60 ( 1)
1.10 ()
Y @)
24.21 ()
6.81 ()'cl
5 ()'c
2401 | ()c2
01°443082 | di NP FWE
01°16 44.13’ d 13 3ol il jaiY) Ayl 3
0036 50.9 | d2 FREN PR FIE)
A el Ll 8Y) 2ae

&l iaiall gl Cal a1 g3 yaalie s A jadl (ul Y1 J sk




<l i Ayl <l ) Ayl g
4 3al) 4K
PC 1+058.19 00%0 00 00°00 00
1 1+065.00 01%44 30.82° | 01%44 30.82°
2 1+070.00 5.00 01°16 44.13 | 03°01 14.95
3 1+075.00 5.00 01°16 44.13 | 04°17 59.08
4 1+080.00 5.00 01°16 44.13 | 05°34 43.21
PT 1+082.401 2.401 00°36 50.9 | 06°11 34.11
((8)
: Sl Jsandl 8 405V cllaal) 5 sl
@)
0 Cal sV )
% PR
0.1
C 1)
: @)
Y @)
Q)
()cl
()'c
. ] ()c2
01°42 14.78 | d1 FRPNT RN PR
01°10 52.88 d PN PR S
0111 17.34 | d2 FRENP PR PR

A ) el 8Y) 22e

& iaiall cpal Cal a1 g3 yalie s A jadl (ul Y1 J sk

<l iVl Al ) WAl )
4 3al) 1K)
PC 1+094.23 00°00 00 00°00 00




1 1+100.00 01°42 14.78" | 01°42 14.78
2 1+104.00 4.00 01°1052.88 | 02°53 7.66
3 1+108.00 4.00 01°10 52.88 | 04°04 0.54°
4 1+112.00 4.00 01°10 52.88 | 05”14 53.42°
5 1+116.00 4.00 01°10 52.88 | 06°25 46.3°
6 1+120.00 4.00 01°10 52.88 | 07°36 39.18"
7 1+124.00 4.00 01°10 52.88 | 0847 32.06
8 1+128.00 4.00 01°10 52.88 | 09°58 24.94"
9 1+132.00 4.00 01°10 52.88 | 11°09 17.82"
10 1+136.00 4.00 01°10 52.88 | 12°20 10.7

1+140.00 4.00 01°10 52.88 | 1331 3.58

1+144.00 4.00 01°10 52.88 | 14°41 56.46

1+148.00 4.00 01°10 52.88 | 1552 49.34°
14 1+152.00 4.00 01°10 52.88 | 17°03 42.22°
PT 1+156.023 4.023 01°11 17.34 | 1814 59.56

(8)

: AU Jsaadl 8405V cliliall § cilasall

0

<l iV A )
7.8% el
0.1
)
: @)
R ()
@)
() ca
()'c
. 1 ()e2
01°36 12.82 | d1 3 5a) Cal syl Ay g0 3
01°04 51.79 d PN PR S




00°38 5.78

d2

Tl Gl iyl

a9 all el Y 2ae

i) imiall il Cal iV U 55 ealie s A8 Sl el Y1 s

<l i) Ay ) <l ) Ayl )
4 ) s

PC 1+190.55 00°00 00° 00°00 00°
1 1+195.00 4.45 01°36 12.82° | 01°36 12.82°
2 1+198.00 3.00 01°04 51.79° | 02%1 4.61°
3 1+201.00 3.00 01°04 51.79° | 03%556.4°
4 1+204.00 3.00 01°04 51.79° | 04°50 48.19°
5 1+207.00 3.00 01°04 51.79° | 05°55 39.98"
6 1+210.00 3.00 01°04 51.79° | 07°00 31.77°
7 1+213.00 3.00 01°04 51.79° | 08°05 23.56
8 1+216.00 3.00 01°04 51.79° | 09°10 15.35
PT 1+217.762 1.762 00°38'5.78° | 0948 21.13







Al )l clisiall ()

Ao ) ciliaiall el

:( comfort of passenger)cibsall dal ) (ulal e aaaill aii 5 g8 Jinie e 3 e Sl
L = 2*[ N V?/C]°°

Where:

Vi s dseseaill de o)

C: | . ssbusd S dla s bl g sl b il Jas
N : Oanlaall ol il 4351 5

Solution:
V =50 km/h = 50/3.6 = 13.89 m/sec
p=+3.96
q=+117
N =0.117-0.0396
=0.0774
L=2*[(N*V%/C]°
=2 *[(0.0774)*(13.89)*/ ( . )]*®
=37.18m
140m &M\\&EM\@&;
% sl e z el (maximum impact factor) -
I max = [(200 * N * V2) / (g*L)] %
= (200 * 0.0774 * (13.89)?) / (9.81* 140)
=217 % < 17%

Crflsall da) ) 38y o % ez semsedad el aia 8 0



Aol Q1 sl

()

Length of curve = 140 m
Reduce Level of A =827.36
Chainage of A = 0+ 036.784

* L =2*%=140m

(= [2=70m

* RL of A =827.36m
| *P

*RLofP=RLof A+

100
70*3.96

= 827.36+

827.36 [ 100 J

=830.14 m

[*q

*
= 830.14 + (70 1”)

100

= 838.33m
*RL fC = ((RL of A+ RL of B)/2)
((830.14 +838.33)/2)
834.25m

*CP=RLof C-RLoOfP
=834.25-830.14=4.11m
*e=CP/2 =4.11/2
e=2.055m



Al )l clisiall ()

x=10 m
x=10,20,30,50,60,70

y=0.000419 x° (cmbaall s (ol (gimiall (0 33 sanll Zilsal) )
1- At Ch =0+ 036.784
RL on Tangent = 827.36 m
RL on Curve =827.36 m

2- At Ch = ( 0+036.784 +10) = 0+ 046.784 m

y = 0.000419 x*> = 0.000419 * 102 = 0.0419 m

RL ( for any point on Curve )= %xz + Pp* X+ hgye
- 0039620417, 52 0396+10+827.36
4*70
=827.78 m

RL on Tangent(x) = RL of A + ( p)*(x)
=827.36 +(0.0396)*(10)
=827.756m

p g e aladinly el e cilelii ¥ Gl ) 0
RL on Tangent(x) = RL of p + ( q)*(x)
=830.14 + (0.117)*(10)
=831.31m

thl P2y P* X+ hyye RL ( for any point on Curve )=



Al )l clasiall ()

= 011720.03% 44, §.0306%10+827.36

4*70

Sle s Sl clliall oy JE a5 ¢ Gladl 13 e Bl 581 AU ARl i JaSs

:(p an q)oamledl
Chainage X Y Offset RL on Tangent RL on Curve
(m) (m) (m) (m) (m)
0+36.784 0 0 827.36 827.36
0+46.784 10 0.042 827.756 827.78
0+56.784 20 0.168 828.152 828.26
0+66.784 30 0.377 828.548 828.8
0+76.784 40 0.671 828.944 829.39
0+86.784 50 1.048 829.34 828.36
0+96.784 60 151 829.736 830.73
0+106.784 70 2.055 830.132 831.49
0+116.784 80 151 831.31 832.3
0+126.784 90 1.048 832.48 833.16
0+136.784 100 0.671 833.65 834.08
0+146.784 110 0.377 834.82 835.06
0+156.784 120 0.168 835.99 836.09
0+166.784 130 0.042 837.16 837.18

0+176.784 140 0 838.33 838.32



Al )l clisiall ()

adal) o 4kl o adga g gt s

_ (p*L _( 3.96*140 ] _
X= 5 — = . m
q-p 11.7-3.96

A 71.63m ol l il e it e a8 sa o))
iy Al el
x= 140- 71.63 = 68.37m

: —q; Py2 P* X+ Ngye RL ( for any point on Curve )=
= 017=003% 7, 622 | 0 0306%71631827.36= . m
4*70

DA sl e inial) w5 Alee s ¢ N5 Sinde e ke sa-
) Aol s 4y 50 Adluse J81 ola) -

S.D=0.28*V* T + V2 [254*(F + N )]

V=50 km/h =50*(1/3.6)=13.89m/s

p=+11.7

q=+0.00

T=3sec

F=0.38

N =p-q

= 11.7-0.00= 11.7%=0.117



3\.:\..»\‘)5\ Q\.,g.'\;id\ ( )

S.D = (0.28)(13.89)(3) + (13.89)% [254(0.38+ 0.117)]

=13.19m
+ e gill diliae J8 Coen Jinial) gl alay) -
-Let L>S.D
L = N*S.D?/ [(2H)*® + (2h)*°T
Where:
H: (. -. Jxers Ghl mhe 38 Gl e el )
h: (. - o s Gkl ge Gudl mallpla)

L = (0.117)*(13.19)* / [(2*1.20)°* + (2* 0.1)**]?
=511m<SD

o gill Ay 1) Adlse (Bial Lalia iy Jshall 138 () 85m
85m (il Jsha o) bl Ao el 138 & apenaill 25 38

Length of the Curve =85 m
Reduce Level of A = 848.49m
Chainege of A = 0+263.731

L=2*1=85
*|=85/2=42.5m

| *P
*RLofP= RLOfA -
100

42.5*11.7]

RL.of .P =848.49 + (
100

RL of P =853.46 m



Aol Q1 sl

()

| *q
*RLof B=RL of P - 100

RL.of .B =853.46 + (

RL of B = 853.46m

* RL of C = ((RL of A + RL of B)/2)
= ((848.49+853.46)/2)

=850.975m
*CP=RLofP-RLoOfC
=853.46-850.975

=2.458m

*e=CP/2
= 2.458/2 = 1.243m

x=5,10, 15, 20,25,30,35 .

1- at Ch 0+263.731

x=0

y offset = 0.000681661 x> = 0

42.5*0.00

y = 0.000681661 x°

X =5 Jdsuedsal



Al ) Gliasall ()

RL on Tangent = 848.49m
RL on Curve =848.49m

2- at Ch (0+ 263.731 + 5) = 0+268.731
X =5m
y offset = 0.000681661 X° = 0.00068161(5*5) = 0.0170m

RL on Tangent(x) = RL of A + ( p)*(x)
= 848.49 + (0.117)*(5)

=849.075m
%xz + Pp* X+ hgye RL ( for any point on Curve )=
200=0117 5 117+5+848.49 = 849.06m
4*42.5
inially dileiall il waen avay U Jsanll
CHAINAGE X Y Offset RL ON RL ON
(m) (m) (m) TANGENT CURVE
(m) (m)
0+263.731 0 0 848.49 848.49
0+268.731 5 0.017 849.075 849.06
0+273.731 10 0.069 849.66 849.59
0+278.731 15 0.155 850.245 850.09
0+283.731 20 0.275 850.83 850.55
0+288.731 25 0.43 851.415 850.98

0+293.731 30 0.619 852.00 851.38



Al ) Gliasall ()

0+298.731 35 0.843 852.585 851.74
0+303.731 40 1.101 853.17 852.07
0+306.231 42.5 1.243 853.4625 852.22
0+308.731 45 1.101 853.463 852.36
0+313.731 50 0.843 853.463 852.62
0+318.731 55 0.619 853.463 852.84
0+323.731 60 0.43 853.463 853.03
0+328.731 65 0.275 853.463 853.19
0+333.731 70 0.155 853.463 853.31
0+338.731 75 0.069 853.463 853.39
0+343.731 80 0.017 853.463 853.45
0+348.731 85 0 853.463 853.46

adal) o 4kl o adga g o guia S
p*L (11.7*85)
X= = — = m
q-p 0.0-11.7

A 85M  2ay ud N iniall (o Adais e o 50 ¢ (03]
ey Al il

X=85-85= 0.0m

RL ( point on Curve )= 853.46m



Aol Q1 sl

()

RL of A (m)
V (km/h)
Ch of A (Km+m)
p%
q%

Length of Curve

x (m)
Chianage X y
(Km+m) (m) offset (m)
0+386 0 0
0+406 20 0.056
0+426 40 0.225
0+446 60 0.507
0+466 80 0.901
0+486 100 1.408
0+506 120 0.901
0+526 140 0.507

s S Jsand) 83 Gllad) 5 il

848.49
50
0+386
0.00
10.61
200
20
RL on RL on Curve
Tangent (m) (m)
848.49 848.49
848.49 848.6
848.49 848.91
848.49 849.44
848.49 850.19
848.49 851.14
850.612 852.31
852.734 853.69



Al )l clasiall ()

0+546 160 0.225 854.856 855.28
0+566 180 0.056 856.978 857.08
0+586 200 0 859.1 859.1

toh WS nidl 5 (el e dali (add) Cguia 5 285
x=(0.0*200)/(10.61-0.0) =0.0m
A 0.0m 2ay ul )l iniall (o Adai (bdl 1 e ¢3)
iy A il

x=200-0.00 = 200m

Reduce Level of low point on the Tangent= Reduce Level of low point on the curve

= 848.49m
Ml Jsaall 840 V) clliall sy 5 cildasal)
RL of A (m) 871.76
V (km/h) 50

Ch of A (Km+m) 0+ 640.430

p% 10.61
g% 2.88
Length of Curve 86

X (m) 5



Al ) Gliasall ()

Chainage X y RL on RL on Curve
(Km+m) (m) offset (m) Tangent (m) (m)
640.432 0 0 871.76 871.76
649.032 8.6 0.033 872.672 872.64
657.432 17 0.13 873.564 873.43
666.232 25.8 0.299 874.497 874.2
674.732 34.3 0.529 875.399 874.87
683.432 43 0.831 876.322 875.49
692.032 51.6 0.529 876.57 876.04
700.632 60.2 0.299 876.812 876.52
709.232 68.8 0.13 877.065 876.93
717.832 77.4 0.033 877.31 877.28
726.432 86 0 877.56 877.56

ek

x=(2.88*86)/(10.61-2.88) =32.04m
A 32.04m  dxy ol sl e Al e ad e 3
laie 4l el

x=86-32.04 = 53.96m

%xz + P* X+ hgye

0.0288 - 0.1061
4*43

32.04% +0.0288*32.04 +871.76 = 872.22m




Aol Q1 sl

()

RL of A (m)
Ch of A (Km+m)

p%
g%
L
x (m)
Rl of C
CP
e
Chainage X y offset
(Km-+m) (m) (m)
740.946 0 0
751.946 11 0.011
762.946 22 0.042
773.946 33 0.095
784.946 44 0.168
790.446 49.5 0.213

r Sl Jsaadl 84 Y) cliall § cillasall

877.98
0+740.946
2.88
10.32
99
11
874.7
1.662
0.831

RL on Tangent RL on Curve
(m) (m)
877.98 877.98
878.297 878.34
878.614 878.98
878.93 879.34
879.247 879.98
879.406 880.33



Al )l clisiall ()
795.946 55 0.168 880.985 880.98
806.946 66 0.095 881.302 881.52
817.946 77 0.042 881.619 882.43
828.946 88 0.011 881.935 883.42
839.946 99 0 882.252 879.98

fsh WS (aiall g e

x=(2.88*99)/(10.32-2.88) =38.32m

A

38.32m  ann oul SN Sinidl) e ddats e a8 g ¢(3)

x=99-38.32 = 60.68m

Reduce Level of low point :

q- pxz
41

0.1032 -0.0288

4*49.5

+Pp*X+hge=

38.32° +0.0288*38.32 + 877.98 = 879.64m

ey Al Ll
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Adjustment of Travers

1- Introduction:-

In this chapter we need to discuss the adjustment of traverse by calculate the
error in all angles of traverse, then we calculate the estimated error at confidence
interval 95%, and compare it with the angular misclousre, thin we know if we can
continue the adjustment or we need to return to take the angles of the traverse or
some of it in the site.

If the angular misclousre is less than the estimated error at confidence interval,

95% we need to adjust the traverse by least square method.

2- Calculate the observed angle and it’s propagate error coordinates

Because of we use the same Instrument in our observation then all our Angles
and Distances Have the same Standard Deviation, Which we take them from the
Instrument Catalog, and This Standard Deviation are:

Target error = 2”
Instrument error = 2"
Pointing error = 5”

Distances Standard Deviation = 5mm = 0.005 m

When we measure any distance and angle each of them contain error that depend on
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2
_ 2, .2, .2
GD—i\/oi +0y +a +(DXbppmj .................................................................... @

Where :
0y Is the Error in the Measured Distance (D).
g; Instrument Centering Error = 0.002m.

oy : Target Centering Error = 0.002m.

a and b: Are the Instrument's Specified Accuracy Parameters = (5mm + 5ppm).
D : Distance between any two stations.

P X' %2 sketchof traverse

("~ '

’ N (3 |

6

-

- i . N
aB

A cortrol peint D ‘ ;
®  sfation ; C

Fig. (1): Sketch for traverse
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Table (1) shows the coordinate of control point A, B.
* In the figure (1) the point A and B are control pints.

* The coordinate of control points are

Table (1) coordinates of control point.

point Easting X (m) Northing Y (m)
B 158120.59 105191.54
A 157835.91 105263.86

2-1 Angle Observations:

point description
Trig(Almascobya)

Trig(Water store)

We read every angle 4 times and then we take the average of the angle, and we

read the distance by fine way once time, and thin we calculate the error in every

angle and distance.

Angle observation

A B C D

232°30'55" 71°57°30" 55927°55” 211°46'55”

232°31'05" 71°57°35” 55927'45” 211°46'55”

232°31'00" 71°57°25” 55927°35” 211°47'10”

232°30'20" 71°57°30" 55927'45” 211°47'00”
Average angle

232°30'50" 71°57°30" 55927'45” 211°47°00”
Error in angle

4.18" 4.02" " 7.09"

Table (2): Reading angle from instrument (Total Station)(point A-E)

E

140°01'35"
140°01'25"
140°01'30"
140°01'30"

140°01'30"

5.17"
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Table (3): Reading angle from instrument (Total Station)(point F-Z)

Angle observation

F G H X Z
214°02'45" 243°05'30" 30°43'55" 124°58'15" 115025'55"
214°02'25" 243°05'35" 30°43'35" 124°58'05" 115025'40"
214°02'35" 243°05'20" 30°43'40" 124°58'25" 115°25'30"
214°02'35" 243°05'15" 30°43'50" 124°58'15" 15°25'50"
Average angle
214°02'35" 243°05'25" 30°43'45" 124°58'15" 115025'45"
Error in angle
4.34" 4.41" 4.15" 4.16" 4.04"
3- Distance observations:
Table (4): Reading distance from instrument (Total Station)
Distance of traverse sides (m)
A-B B-C C-D D-E E-F
293.722 491.960 107.969 175.825 277.028
Error in distance
+0.00574 m +0.00574 m +0.00574 m +0.00574 m +0.00574 m
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Table (5): Reading distance from instrument (Total Station)

Distance of traverse sides (m)
F-G G-H H-X X-Z Z-A
381.743 239.502 359.564 350.848 450.467
Error in distance

+0.00574 m +0.00574 m +0.00574 m +0.00574 m +0.00574 m

Sample of calculations:

D3:\/D12+D22—2>< D1x D2xCOS(a)

......................................................... (2)
2 2
B3 \/491.96 +107.969“ — 2x 491.96 x 107.969 x COS(55.2745) _ 430 gag
D3x 0; x 206264 .80
0. = = 2 A e e e e e e e 3
ai D1x D2x+/2 3
[.2 2
. VD1°+ D2
O'at —Wxst X20626480 .................................................................. (4)
\491.962 +107.9692
Oqt 1= x 0.002 x 206264 .80 = 3.91"
491.96 x107.969
S pxﬁ 5,,)(\/5 .
s = - - 3.53
ap - Jn Ja

ERROR = v2.412 +3.912 + 3.532 = 5.79"

0.005
1x10°

2
Opep = i\/(0.00Z )2 +(0.002)2 + (0.005 2 +( x107.969j = +0.00574 m

4- Angular Misclosure by angles:

We have angles in our traverse and there theoretical sum are:
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Sum of Angles = (n-2)*180 =

The sum of measured angle = Yangles .............cooeeennnen.

=<]1+<2+<3+....4<
= 1440 00'20"
The angular misclosure = 1440 00'20"- 1440
=00 00’ 20”

The Estimated error at Confidence interval 95% is

=t V(SO ANGIES? ) o

Where:
a/2 = (1-0.95)/2 = 0.025

r: is degrees of freedom = number of observation — number of unknowns

r=19-16=3

torzr * | D (S ange)’ = 3.183% 15.27 =48.60"

So the angular misclosure (20) is smaller than (48.60"), So statistically we can say

that at 95% confidence interval, the angular Misclosure is accepted.

5- Least Squares Solution for the traverse

e Calculate Initial approximate for the unknown station coordinates:

E = E, + Dxsin(Az)
N = N, + D x cos(Az)
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E.-E
a
AZ(A—B) = tan [ﬁ} .............................................................................. (9)

e Instrument on control point (B)

AZ g = tan 1 Ee TEBn _ 1y 1158120 59 7157835 91 _ 4 sig6n 1180 - 104°15'14"
Ny, - N, 105191 .54 — 105263 .86

Az g =104 °15'14"+180° — 71°57' 30"= 212°17’ 44"

E. =158120.59 + 491.96 x sin 212° 17’ 44"=157857.74
N, =105191.54 + 491.96 x cos 212° 17’ 44"=104775.68

Formulate (X) and (K) matrices:
The elements of the (X) matrix consist of the dx and dy (called correction).
The value of (K) matrix is derived by subtracting computed distance, based on the

initial coordinate so the initial value denoted by(quantity)o .

'BC-BC,

CD-CD,

DE - DE, [ dx |
EF — EF, dy.
FG-FG, dx,
GH -GH, dy,

K = HX —HX, X =

XZ — XZ,

ZA-ZA

aA-aA :
aB-aB, dx,

: _dyZ 161
_aZ -aZ, Jd1gm
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e Calculate the Jacobin matrix. The J matrix is found using proto type equation

for distance and angle.

Distance observation equation from Fig. (2):

(IJ)O axi + (IJ)O 6yi + (IJ)O 8)(1- + (IJ)O 8yj :Kij +\/ij ........ (20)
Y
A
1 (%5v5)
LX)
Fig. (2): Distance observation equation
angle observation equation from Fig. (3):
Y, -Y Xg %, Yo -Y X, —X
—( ! B)O 8XB+—( jo 8YB+( F I)o 8XF+( | F)O aYF+
(BI)- (1B)y? (Fi)o 2 (IF)p”
(YB _YI )o _(YF _YI )o axl " (X| _XB)O _(X| _XF)O —J6Y| ...... (11)
(1B, (IF),’ (IB),” (IF),’
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»
»

Fig. (3): angle observation equation

BC = \/(Xc - XB)2 - (Yc _YB)Z
CD = \/(XD - Xc)2 - (YD _Yc)2

ZA= \/(XA_ Xz)2 _(YA_Yz)Z

* Formulate the weight matrix (W):

_SZ _
— 0 0 0 0 0 O 0
S gc
0 0 0 0 0 O 0
Sz
0 0 — 0 0 0 O 0
S za
Sz
0 0 0 — 0 0 O 0
W= San
82
0 0 0 0 — 0 0 0
S
aB
0 0 0 0 0 0
0 0 0 0 0 0
82
0 0 0 0 0 0 O —
L Saz 119*19
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e Solve the matrix system. The problem is iterative and need more than one

iteration to reach minimum corrections according to sheet Excel.

IxX=K+V

-1
Xz(JTxWxJ) X[JTXWX Kj

X = N_lx(JTxWxK)

e (13)

By using, excel program we can determine the correction of the coordinates of

stations:
Table (6): Adjusted Coordinates of Stations:-
Station X- dx Y- dy X-coord(m) | Y-coord(m)
coord(m) coord(m)
C 157857.74 -0.0067 104775.68 | 0.0144538 | 157857.733 | 104775.697
D 157815.26 | -0.007655 | 104874.95 | 0.0087348 @ 157815.252 | 104874.962
E 157671.33 | -0.022953 | 104975.93 | 0.0195345 @ 157671.307 | 104975.952
F 157599.76 | 0.0117205 | 105243.55 | 0.0424064 @ 157599.772 | 105243.592
G 157311.61 | 0.0580727 | 105493.94 | 0.0874012 157311.668 | 105494.038
H 157089.71 | 0.0672683 | 105403.82 | 0.0874958 @ 157089.777 | 105403.790
X 157309.64 | -0.028913 | 105691.26 | -0.019744 @ 157307.611 | 105691.242
Z 157658.23 | -0.019857 | 105677.80 | -0.006384 @ 157658.210 | 105677.790
The estimated errors in the adjusted coordinates of stations:-
m-n

Where:
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V = Observation residual.

S, = Reference standard deviation (sample).

m = Number of equation of observation.

n = Number of unknowns.

SX = 0 qXX
ettt et a e e e s (16)

S(C = So\[ qyy

The estimated error in the position of stations:

Se =S x. Sy, e (17)

S, = ,/M = +0.0196726
19-16

S, = S,4/0,, = +0.0196726x 1/0.420653 = +0.012759m
S = $,4/0,, = +0.0196726 x~/1.1830452 = +0.021397m

S. =+/0.0127597 +0.021397° = +0.024913m

Table (7): The estimated error in the position of stations

Sc= 0.024913
Sp= 0.02663

Se= 0.027393
Sg= 0.024784
Se= 0.048233
Sy= 0.061673
Sx= 0.04836

Sz= 0.033014
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5- Paul R. Wolf, Adjustment Computations Statistics and Least Squares in Surveying
and GIS, John Wiley & Sons, Inc., Canada, 1997.

6- http://www.momra.gov.sa/specs/internal .asp
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