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Abstract

Construct and build infrastructure of the (Ain Al biad) road that connect
halhol city to the street of noba village.

Project Team

Mohanad Hassan shwelki anas yousef 3'uedat

Pal estine Polytechnic University-2009
Supervisor

Eng. Khalel Karamma Dr.nabel a Jolene

This project is areconstruction and design rood that Construct the entrance of halhol city and the
street of noba village, we chose this project due to it's position which consist of many factories and
living area. In addition of cemetery of martyrs, the road is the main connection between halhal city to

the street of noba village. this project of two parts work on land and office work.

This project contains many plans: construct the slope of sizes, horizontal and vertical construction,
construction of sewage system. We should take in construction that the construction of road according

to engineering data, and the implementation in correct way.

We think that, after finishing this project work the result isto have main in brief way that connect
halhol city to the street of noba village.. The main aim of that isto reduce the traffics and to enhance
the transportation in halhol area. In addition, to revive the area by urge people to live and receive

sewages, water, and electricity to nearby houses.
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L) Aalall o 4831 3 ) 3l a5 Cum lasall 8 a3 3l el ) jeday Ul Jsasl)

cillaaal) cilfilaa) clead Glual) & Laa a3 Al @ig) &Y (-6)

From To H. angle H. Distance
10
10 1
10
10
11 12
12 11
12 13 97 25
13 12
13 14
14 13
14 100
100 14
100 200

-1 aail) J@ claaal) aldlaa) Glwa -6

LA A e oy i ghadll ol i) e oy

1=2-tan*2E
AN
Example :
12— tan 158318.86 —158016.75 _tan 302.11 _ 32037'24.53'

110556.15-110084.18 471.97
1-10 =32°5237 24.53" + 334°2219 = -360366°5943.5 = 6°5953.53

S0 % adl) e Gldlaay) Clua 25 Jad JS ol jas
|
A Easting = Horizontal Distance x sin (azimuth)
A Northing = Horizontal Distance x Cos (azimuth)
Easting = easting B + A easting
Northing =Northing B + A northing
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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

Jediy Jull Jgaall g <l

Aladiily G sulall (3 )l (e daaadl e Gldlaay)

Ol b cillaaall daauadll 4 cldlnyl (-6)

-:Q\.ﬂ\.\;:}!\ Y

Station Easting (m) Northing (m)
10 . .
11 . .
12 158279.194 110107.081
13 158614.540 110364.179
14 158758.552 110378.813

cidhaal a5 Jsala aly e lad

s ihay el Jad S

(Trigs ) &agleall ciliilaa) (-6)

Point Easting (m) Northing (m)
158016.750 110084.180
158318.860 110556.150
158962.480 110773.050
200 159793.950 111146.710

- :(Reduction of Error ) gléaall sUady) maauai -6

Total Station Leica g3 (e Aalill dasall jlea 58 2a )l ddac 8 aadiudll leall
IS s Slead 1 b oUaaY o8 5 (TCE05)
" = angular error 45V i aall =

+3 mm + 3ppm = distance error .
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-:Error in Angle -36

Sp=4(5,)7 +(5,)7 +a% +(DXBPPM)? oo (1-6)
ol s
'Sp

el baa Al s,
oSl Ay 3 laall ;g

t

Oleall W3l i g, b
-:( Instrument Centering Error) J4all cégall ol AUdll - 6

Al L) e il saladly (55 Uaall 13a
The Quality of Instrument Jleall 48y =
The Quality of Tripod -
The Skill of the Observer Jeall e Jeay g3l aal )13 ey =

-:( Target Centering ) 4 il sladf - 6

Aoy Wt 138 a8 e S GuSlall a5 e Faals 585 elad Y o2
1O Can Gl il (g Lgale J panll ity )5 Sleal) @O a5 @, b
3mm + 3ppm = a,b

rlilaall 8 eUadY) sl e Jla

151.185 (1,10 )idasall (g Lo diliall ddbLusall

S, :\/(si)2 +(s,)* +a® + (D x bppm)?
S, = J(O.ooz)2 +(0.002)? +(0.003)? + (151.185 % 0.000003)* = 0.0041479m
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~Aile JS 8 Uadd) laie g cldasal) s Jare Jady M) Jgaall

Lloca Js A Ul o g cillaaal) ¢y e g jial) clibacal) Jira ( -6)

Line Distance ( m) s ,(m)

- 151.185

= LIl puld A elkdY) - 6
S g3l 8 eUaa) (8 Gl ALl Adasal) Glea s aa )l dlee 8 axdiiadl leal) of
(b be o @l s Uad aa Lgnen
Pointing Errors 4; sl 8 ¢lasi =
Reading Errors .
AL A8 (38 5 s (Sl (e Lagie il Uadll

25 DIN
S apr = T ........................................................ (2‘6)
NS
Be Al 5 asa sl (e i) Uadd) a S apr
AlLal ddasdll jlea e Gsun 'S oin
n
st s ) aand Ly 555 4505 ()5S Uadll) 13 G
2)(5”
S apr == \/6 =141

—aldlay) sladl) paai 6

: e pliaal) cildlas) usaail 48 Hha (0 Sl
6-4-1 Least Square Method .
6-4-2 Linear and Angular Misclosure Method .
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Wasll cava Jlaa) JS a5 43 3k (30 LV @l 5 mmniaill & V1 4G ) Leaiial a3
léj‘ad\‘;éaﬁﬂ\duosau)lughﬂdlsquﬁﬂ\
38 il 4} &us ( Link Traverse) Caaiall c..z;.d\ alaatu) 5 38 QM\QAE\}J sac s

-:Least Square Method - -6
X =(ATA)TATL  Aswill Asaal)
1Ol Cua
Unknown matrix : X
Jacobean matrix :A
Observation matrix :L
Variance matrix : V
il 5 el e 3pa3 25 38 5 A6y pall o3g] Aalall il sl e 5 sle A fuall
clilan ) Lebua 31 el Jaalaadl 5 Glasall g Wi ) &3 ) il il e Teliy <l giaall

The Jacobean Matrix A:
o/ &/ R R oF oF
odx,, ody,, odx,, ody,, adx,, ady,,
o°k) &K K FK oF, R,
0% Mg oy oayyy odx,, ody,,
A=
( 12)( lz)( 12)( 12) ............ ( 12)( 12)
adxlo z?dy10 adx,, ady11 6dxl3 P dym
( 13)( 13) ( 13) ( 13) ............ ( 13)( 13)
odx,,” ody, odx,, ody,, X 5 ody,,
i J13+10
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Distance observation reduction:-

F(xi,yi,x].,yj):\/(xj—xi)2+(yj — ) (3-6)

Linearization:
Taking the derivatives of last equation:

oF XX
OX; 1J
oF _YiY;
oy, 1J
oF XX
OX; 1J
oF _ Y~V
oy, 1J

Angle observation reduction:-

q:Ale_AZua
X. — X - . cereeennnn...(4-6
g=tan? " _ant "N 4 p (4-6)
Yi =Y Yo = Yi

Taking the derivatives of the last equation:

OF _yi-y, Y-y
ox 1B IF?
F %% X=X

oy, IB2  IF?
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The Observation Matrix L:

n

10

n

1

m

12

n

L= 13

The Unknowns Matrix X:

dyy,
dx,,

dy,,

The Variance Matrix V:

moom

lla

mno.m

13a

dx;,

10a

12a

~ Tg6a 13

- 101

-113%1
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(Y, X, ) dallddee 8000 aiC daniadl pe CildhaY)

X =X, +dx
Y=Y, +dy
(AutoDesk ) JI el s ahasinly dpuesh )l A8al) Caa Lpbusall el
2l A cilbaaall daaiaal) clfiiayl ( -6)
Station Easting (m) Northing (m) StdDevEst StdDevNth
10 158035.1594 110234.2311 0.096 0.231
1 157848.4575 110539.4097 0.270 0.367
12 158279.1945 110107.0811 0.288 0.277
13 158614.5402 110364.1788 0.249 0.246
14 158758.5517 110378.8133 0.201 0.232
- g Jball Gl adY)
V' xV )
S = Where m: Number of Observations, n: Number of unknowns
m-n
So= +0.00051

Relative error ellipse
AU ) saY) ok sl e g sl 138
Sl G Jaay (2 Tadll) Wl 13 Db Jaadl Jaai ) i) ciilas)
radlilas) )
(E12,N12) , (E13, N13)
NZY E=X S dabell 44 5k of Can

. covariance matrix (Qxx) Ll Jisii of casy Gl m
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ellipse JSi (e 58 Bl & Uadll of Gus relative error ellipse alasisly Jall 43, )k
:dall 45, e e 400N YLl 5 glopov

Doy =D e (6-6)
5 S'ax Sy
may Suny Gy | e (7-6)
Ay =X, =%
Ay = yz - yl ................................................ (8'6)
-1 0
2
' Sy _80{—1 01 O}XQXX 0 -1
Spay S Ay 0-101 1
0 1
2
tan(2t) ry e (9-6)
Ay ~ Max

Oau = Oy SIN? (1) + 20, COS(E) siN(t) + ], COS? (t)

Oay = Oy €OS? () — 20, COS(E)SIN(L) + O, SINZ (). evveees (10-6)
Su :So Oau

. Su(max)
relativeaccuracy = Tp e (12-6)

Su(max) exie 2 g 3 kil Jsh a1 Di
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= Adul) il & jeda (AutoDesk) gt p (Al baa ) &8 Al el jall Jia) any

Angular error 0-01-12
Angular error/se 0-00-10 Over
Error North 0.0937
Error East -0.1324
Absolute error 0.1622
Error Direction N 54-42-06 W
Perimeter 2130.4070
Precision 1in 13137.1659
Number of sides 6

Semi-Axes are at 95% Confidence Level

Semi-Axes( - )

Point#

Semi-Major Axis

Semi-Minor Axis

AXis Azimuth

lemanaaig Ayl Hydad JS A A8 it g L g3l 5 da ghadl) Jsha ey Ul Jgaadl
A 8 a5 a0 a5 ) el gl (- )

Type Pntl Pnt2 Pnt3 Measured StdDev Adjusted Resid
DIST . . - .

ANG 334-22-19.20 334-22-15.78 -3.42
DIST . . .

ANG 346-33-48.00 346-33-47.14 -0.86
DIST . . .

ANG 211-40-47.00 211-40-25.10 -21.90
ANG 218-27-09.00 . 218-26-58.80 -10.20
DIST 14 100 443.8660 0.005 443.8573 -0.0087
ANG 13 14 100 123-09-38.00 3.800 123-09-13.69 -24.31
DIST 12 13 422.5640 0.005 422.5589 -0.0051
ANG 11 12 13 97-25-10.00 2.300 97-25-05.64 -4.36
DIST 10 11 357.7680 0.005 357.7591 -0.0089
ANG 1 10 11 141-33-00.00 4.000 141-32-52.92 -7.08
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0 0 0
0.5 48 6.300775194
1 87 11.42015504
15 117 15.35813953
2 148 19.42739018
2.5 177 23.23410853 23.23410853
3 207 27.17209302
35 234 30.71627907
4 256 33.60413437
45 275 36.09819121
5 290 38.06718346 38.06718346
5.5 310 40.69250646
6 328 43.05529716
6.5 344 45.15555556
7 363 47.6496124
7.5 377 49.4873385
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8 392 51.45633075
8.5 407 53.425323
9 418 54.86925065
9.5 434 56.96950904
10 448 58.80723514
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0 0 0
0.5 90 11.81395349
1 175 22.97157623
15 310 40.69250646
2 418 54.86925065
25 512 67.20826873 51.075
3 590 77.44702842
35 662 86.89819121
4 730 05.82428941
4.5 792 103.9627907
5 843 110.6573643 98.3825
5.5 936 122.8651163
6 1005 131.9224806
6.5 1070 140.4547804
7 1132 148.5932817
7.5 1192 156.4692506
8 1250 164.0826873
8.5 1307 171.5648579
9 1359 178.3906977
9.5 1418 186.1354005
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6 1570 206.0878553
6.5 1672 219.4770026
7 1790 234.9664083
75 1882 247.0428941
8 1979 259.7757106
8.5 2075 272.377261
9 2182 286.422739
9.5 2275 298.630491
10 2382 312.675969
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400
300
— 200
— 100

die ABlaall J A0 dad ga pusall o B8 O Aada (- )

‘W CBR a5 (-)
« 1 ) CBR at 5 mm CBR at 2.5 mm
10 2.074 38.067 23.234
30 2.21 98.382 51.075
65 2.315 158.389 83.041

CBR a5 4dlall AU (50 A8Ma)
200
150
m 100
O T T
2 2.1 2.2 23 2.4
/
CBR adg Adlad) 480l ¢y Y (- )
Crua Al Al A8KAE . L 9 . . CBR Al Clus o @bl JSG (e

% . Ll G cplas 45a,Y)



Al Gl ledy il Gla sadl)

Aglioy) ALl Jylas 40 4-8

1o 3 G Al

AT Y‘au.u"“

Aleny) Aalall 6 culiny) Ao dlay) w

g_ﬁ;dj o
Gkl (e e @lia 5 el iyl 1ol el Aasdinal Adedl) iy A sla)  m

leie daadi

EN SWETSINERE A
EPRIGEYRRTE A
AR Al 46y )k

d;.m&\@J})w\huwhw‘y)}@my‘w@uﬂ\c)ﬁ\Al;ﬁ\ n

44,k 1-4-8
1-1-4-8

Aoy Hen (- 6) el (- 21) okl ele 5 o Sy s S all 3kl Sl |

SaSa Jleall aa s iana ella Lely 28821 L8353 (3600) (o) Josi Led wSaill (S0,
Al salal e (filler) Gdad) Juady Sleall 1aa o o8y AlinY) Gliall Jilad Slea Jaal
o il 7 a Lt e il 3 5 lle (38001 i 3 5 )l Sl 58 i

( 1200 ) e i) A

(5°C @Y 4y g ¢ 250°C Aad lary) i () 8
(250°C240°C Jax)) Caiai o) 5

Ko DL BTN

9.75 )kl yili yal A

(O ) Awde sale

.0.01 1200 ) osbes Ol

-

Alua |

oy



Al il e dy piid) Cilia pail el Jadl)

s Jead) 48y 50 2-1-4-8
Ll slie Jgusd Al Lgidns aay ol ol Jah Aglany) Al (e die (558 |

(s S all )kl Slea (8 il g diell a5

Caadele 5 anda s ad gl ill A8 )5 puia g 2mn sle sl Adla (958 (S g il a8 (a0 iy
leall iy 3 i emiall Jslaall e iyl

O Jslaall o st Cad gy s Ao sl D33 g pailly g o all )y sadl (5 58 el 2kl

el 5y 5 o el
A)8shall dd 3l i e (200) 3
e duany (a ( ) e dS cudaill i e (200)
Al (b jalie J slas
A5 pe Al (3 a3 S dgiia (B pua 5 g (5 S el 2 hll Slea e LN (35 pe diall 2 AT
il wa sl

Sl 8 0555 el (24) 0] il ¢ il b Al s
L elall 5 iy (s

- (24) sxaldgs (110) aiaill (5 8 (A& a5 ol ey sle 5 (8 Al pua i,
Sl sl B

leaiian; (200. 80- 40. 8 4 738 “1/2) Jalal e dunll Ja,
DS el e (anll Lpazany (358
ARG e Jade S e jsaadl o,

3-1-4-8
= IS Akl ALY o,
= Cadaill sy Adaall (55w

1200 - 1138.3. 100% _

1200 -
=5.14%
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1138.3
=5.42%
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= Jasill aay .
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56.86 .
227 100% _
1187.8 = -
=5.22%
Latiay) Al el 50 1 (8- )
il (%) (%) (%) ()
100 100 0 0 0 3/4"
85-47 97.69 2.31 2.31 25.1 172"
86-60 86.08 13.92 11.61 126.17 3/8"
65-40 56.47 43.53 29.61 322.14 4
45-25 35.62 64.38 20.85 226.69 10
30-16 15.64 84.36 19.98 217.37 20
32-10 7.1 92.9 8.54 92.94 40
15--6 2.15 97.85 4.95 53.9 80
8--3 0.58 99.42 157 17.09 200
0 100 0.58 6.36 pan
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(Structural Design) (bl ALY avaadl)

1-9

Ll oS 5 Lliuaal g 5 il linde lSLaws dla) g 5 ke B phall LAY averadl) Gl il
sl ey Vg e okl eda oy Sl LS jall 4y ) saal) Jaal) Jasd e Sl
sh Al il Bac ) has (5 58 guia 55 Aa] 2l bl e b le s 5 caliall Caca ) 8 J V)

sl goaall Gl Gl s a i sae (e 0 sS5 G all Gl 58 Lo gl Y G ¢ il
Ol G ) aaanai 48y Hla (i jriesd s s AilanY)

A )l Gl ) (e g llia
. (Flexible Pavement)

agig ¢ Cla i s JISET (e land) 138 3430 Lega ¢ (3l il (33 yhal) dand A8iala () 5S5 Al o
o s le
LA E jlan and Jlaaly Ciy ) i g ddea I aaad Camy @3

Bopa ey Qe Al Lad gan ASlew 3 jlaag Gkl a4 -

e | all Al 4] il darasl) (10 by Alila (G 5 -

oAl el e SIS % O Aaon b Gy -

Al o3 (Sas ¢ leadl) Ciatia 3 Ayl o3 alaiiul i) 8y 1 la il A

tlaall landly Lol A 5 () sSall Jla Aa e g Ada sl 3 50 2 5558 jlaally dda )l e sliainY)
20 oo Ak JS lass jolaty¥ dumy cildidall 38 0 i
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(Rigid Pavement) :duwldll 4w ) 1Ll

Gkl e lom b Cums (15— 30) 0 Lo LeSam 75l A Bk 0 5l 0
JSs sty e Aabie pe gl dabicdadallods Sidis e Jid e d ol (g3
b daay 385 ¢ Aaalal) Bl Jall 5 (20 — 50) o Lo dadad JS J gha il vy
Gohll o dllall Jlaa¥) vie aaall (e A<k Lealus o 3ale 300
Jan A oY1 4G il Al () 5S5 L

(Structural Components Of Flexible Pavement) 4 jall ddua 1 43L& yalial) 2-9

Asphalt Concrete

Base Coarse
Sub Base
Sub Grade

(1-9)

DAl jealiall (e (1-9)JSE (S jeday LS 4 jall dia )l () oS

e ) alae 3l pall G ylall mdaid A5 Sl o) sall (e 8 e & (sub grade) Al il sac )

A gl 3 g8l ) Jead Ss Al da @ladig ¢ DAL Gl (e Ll &5 Al 3 galY)
A i Bac Al ddk (3485 pilie Lisi ) A3l a5 (SUb base)
oy ¥ a0 135 ¢ Addall o3 e oLt (S Aaidall oda (ailiadd 4y sl Ayl il s2c ) Ll A
A slhaall A gliall ) Jeail Agudall 03] candii Blae ¢ ya)
olaa OS5 5 A0 pdal) Ao sie da Haiall (aasl) (10 de sena 4 5 (DaSE COUISE)

co Sl BBl (8 i e g LSl e Llla by jlaal 233 S

ey (el dia (358 s g3 Ailin) AhalA a5 (surface course) Agiliny) dadaud) A3l
. (Prime coal) < dada (i)
A yall dia ) areall AASHTO 48 ke aodiivin Uia 5 ¢ 4 jall diia )l arecail (5 jla sae cllia
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:AASHTO 48k s Aua ) ppaci o i A 9
:(TraffiC SCS.—.\H‘@-}M(JS@SM(;\” (‘i‘j&j‘ (e de gane dlla
18 Kips olie Jead Alalas 4ol Jeal I b€ jall o 35l a5 o sVOlume)

dLAAi d:\);l.d;iwd}\d_;jtﬂu\).lﬁé

SEPRYC

Lo 5zb) s S e dlsal e gAY Jal 2l
- Agaall) Ay ) saal) ) 35Y) 9

D Gaohll ALY axe
- AU e a5 ) (e Ao gana e O sS0 (Bhll areal (8 (1-9) @bed) JSE Gan WS

( )(base course) X
.(sub base) <>
.(sub grade) X
: (AASHTO ) el elass syl 5 ALEY) aranas dae alas

(Equivalent Accumulated 18,000 Ib Single Axle Load) ESAL

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

ESAL.: Equivalent Accumulated 18,000 Ib Single Axle Load:
fy. design lane factor.
Gt. growth factor.

AADT: first year annual average daily traffic.

N; : number of axles on each vehicle.

fe : load equivalency factor
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 (1-9) fyiad e Jsmmnll iy

Percentage Of Total Truck Traffic in Design Lane (1-9)

Number Of Traffic Lanes

( Two Directions)

Percentage Truck in Design Lane(%bo)

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

(251 olaiV) A (s yesn (5T) eV 8 o jle 4 e (5 5ia Lpasanai o) el 3y yhall Ll
. (fg=50%) (1-9) fy Al
£ (2-9) Jsall geadde Jpamnll aid (Gf) growth factor e Ll

( Growth factor) (2-9)

Design Annual Growth Rate (%)

period No. 2 4 5 6 7 8 10

years | growth
1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2 2.0 202 | 2.04 2.05 2.06 2.07 2.08 2.10
3 3.0 3.06 | 3.12 3.15 3.18 3.21 3.25 331
4 4.0 412 4.25 431 4.37 4.44 451 4.64
5 5.0 5.20 5.42 5.53 5.64 5.75 5.87 6.11
6 6.0 6.31 6.63 6.80 6.98 7.15 7.34 7.72
7 7.0 7.43 7.90 8.14 8.39 8.65 8.92 9.49
8 8.0 8.58 9.21 9.55 9.90 10.26 | 10.64 | 11.44
9 9.0 9.75 | 10.58 | 11.03 | 11.49 | 11.98 | 12.49 | 13.58
10 10.0 1095 | 12.01 | 1258 | 13.18 | 13.82 | 1449 | 15.94
11 11.0 12.17 | 1349 | 1421 | 1497 | 1578 | 16.65 | 18.53
12 120 | 1341 | 1503 | 1592 | 16.87 | 17.89 | 18.98 | 21.38
13 13.0 1468 | 16.63 | 17.71 | 18.88 | 20.14 | 2150 | 24.52
14 14.0 15.97 | 18.29 | 19.16 | 21.01 | 2255 | 2421 | 27.97
15 15.0 17.29 | 20.02 | 2258 | 23.28 | 25.13 | 27.15 | 31.77
16 16.0 | 18.64 | 21.82 | 23.66 | 25.67 | 27.89 | 30.32 | 35.95
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17 17.0 20.01 | 23.70 | 25.84 2.21 30.48 | 33.75 | 40.55
18 18.0 2141 | 25.65 | 28.13 | 30.91 | 34.00 | 37.45 | 45.60
19 19.0 22.84 | 27.67 | 30.54 | 33.76 | 37.38 | 41.45 | 51.16
20 20.0 2430 | 29.78 | 33.06 | 36.79 | 41.00 | 45.76 | 57.28
25 25.0 32.03 | 41.65 | 47.73 | 51.86 | 63.25 | 73.11 | 98.35
30 30.0 40.57 | 56.08 | 66.44 | 79.05 | 94.46 | 113.28 | 164.49
35 35.0 49.99 | 73.65 | 90.32 | 11143 | 138.24 | 172.32 | 271.02

20 Jsale 2355 5kl dadla o) el e &b 35k ol sl alei LS
. (Gf =29.78%)4ed () sS3 4% 4y siaal) 34 )

13860 = (aa) 5l o5l

( Load Equivalency factor ) «t#

) (3-9)

) s pall Ol 3l dagat 1(3-9)

AADT

YTy R P

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

KN Ib Single Tande KN Ib Single | Tandem
Axle m 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 204.5 | 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 213.5 | 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 | 222.4 | 50,000 | 52.88 4.86
48.9 11,000 0.1311 | 0.01008 | 226.8 | 51,000 5.23
534 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
66.7 15,000 0.478 0.0360 | 244.6 | 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
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84.5 19,000 1.24 0.0971 | 262.5 | 59,000 9.01
89.0 20,000 1.51 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
1156 | 26,000 4.09 0.364 293.5 | 66,000 13.73
120.0 | 27,000 4.71 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 12.5 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 1.53 342.5 | 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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(-9
] JEl o lsae g ('.:H‘I"
% | % % | i

.004 1 17 82.6 e
.004 1 13 86.6 oyl
.004 16.6 83 Ay 0]
.005 15.5 84 aha 4!
.004 1 11.6 88 e
.015 1 95 89 g
.007 1 13.8 25 85.5 154 b gl

X/
L X4

Passenger cars ( 10 kN / axle) = 85.5%
2-axle single-unit busses ( 100 kN / axle) = .007%
+«» 3-axle single-unit trucks (110 kN / axle) =13.8%

X/
L X4

e Jwa¥loda e J seanll iy ol Jlaal A il jall o351 i sad aty @lld aay

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

Js alul (ESAL) e st elld 2ay g
;b WS (Total ESAL) (e dasil &30 4l aand &

ESAL=f,” G,” AADT 365 N,  f.)
ESAL ¢ar =0.5*29.78 * 13860 *.855 * 365 * 2 * .0003135 = 40381.68

ESAL pyss = 0.5 *29.78 * 13860 *.007* 365 * 2 * .198089=2089003.59
ESAL tryck =0.5*29.78 * 13860 *.138 * 365 * 2 * .29419=6116285.94

ESAL total = 8245671.21
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5-9
DAk JS g gi g liall L ) o8lS A SEANIFRITIN

dua ) ciligha (e A8k S £ i g L pilS L 2( -9)

EPTESTE P CBR(Kentuky) il

Plant Mix. | ... Asphalt
Base Coarse

Crushed Stone

20.8 Sub Base

= SN: Structural Number.

= a,ap,a3 layer coefficients representative of surface, base course, and sub base respectively

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

(Regional factor) ALl Jdalaall Glus 2
Where:

= R:Regional Factor

= Nd: Number of dry months in a year

= Rd: Regional Factor for soils dry

= Ns: Number of saturated months in a year

= Rs: Regional Factor for soils saturated
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(Rd, RS) e JS e e J peanll oty Cim

( Regional Factor)Abiall Jaleall 4ad :( -9)

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

- R 4ad (558 (dry) 48 ,eal 8 (saturated) el 4 Al L ) S

[shleS Jgals
R :£x0.9+ix 45=2.1
12 12
(CBR) (S-soil support value) a# s =3 ¢ 2k <1 (CBR)

(S1-soil support value) = 8

(S2-soil support value) = 7.4

(S-soil support value) = 6.5

(ESAL = 8245) zu i (e Al ddasill ae Jua 535 (S-s0il support value) s cas
(SN- pad () 558 Ama ddats & (SN-structural Number) g adaid adieldin) e Jaall aay &
;b WS structural Number)

(SN1-structural Number) = 2.65.

(SN2-structural Number) = 2.9.

(SN3-structural Number) = 3.3.

e bl aa a3 g «(Regional Number) zias (o Al 2l ae Jadill 238 Jua gi sl
P b LS SN a ()5S digae Ak 8 SN g B0 O () 4ckaliiin)

SN; = 3 ( from enter CBR for base course in chart)
SN, = 3.4 ( from enter CBR for sub base course in chart)
SN3 =3.9 ( from enter CBR sub grade in chart)

(al,a2,a3)pd e Jganll 2y |
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(layer coefficient) (-9
al suggested
Case of Pavement
Road mix ( low stability) 0.20
Plant mix (high stability) 0.44
Sand Asphalt 0.40

e (layer coefficient) daddl bsas : ( -9) J g

Case of base course a2 suggested

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

Lime —treated 0.15-0.30

(6-9);5}3;‘;53&};%@#\ o;\A‘;é’SJLA:\‘&}S}
= al=0.75a2=0.14 a3=.11

b S ( ) Saal) elaw Claa oy
SN1=alDl - 3=0.75-D1 - D1=4in=4-254=10.16 cm. Take (D1 = 10cm).

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

. (base course)islill dakll clow
= SN2=SN1+alD1l - 2.95=225+0.14*D2
= L D2=5in=5*254=127cmD= cm.
SN3=SN2 +a3 D3 - 3.9=3.58 + 0.11-D3:(sub base)
- D3=291in =2.91.2.54=7.39 cm- Take (D3 =10 cm)
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Jlac V) aal (e day (ol J1 (5 sisall 8 5l Y (5 sisall (8 CulS o) s Cilalisall il ()
Glisa a5 (e J YL Cpadaia (s pa )5 dall Gl Gl Jal (e el g 3 kal) i dpalindl)
Eooiall 8ol 5 siall claaS
Lgie Apun el pdaliall Aalie (il LIDA (e a3y 30 3kl (e A sane llia
Ulaay) dgy yha 2
Aaliiie dpain JIS ) adailal) i 43,k Y

eliaay) Ay b 1-1-7
8y ame Lo H3EY) A4y Hall sl of Cua cp g yiall 8 Lgaladind a5 3l A5kl s
Al Cilaline g jall adaliall cilalie Hlic) e a5 38 Hhall a3a 5 LY o288 &aal) 43 5 ySIY)
S IS 3 aaall aia el pdaial) Aalise (il

£

b

4

M (el 2B

J

(-7
J}AA}:\.:\AS\J\ Ll Jiay ciliadd J}MQ.,)AOZ\.L:AJ\ o X e (e GLlas| eLLJ‘)L:\:\;\ Al
Laleial) Capuiall 5 A8 il Lpeslray 5 (@) 5 saall Glacl 6l ) Bl caulia Jiay cilaloal)
Ll asen clilan) cpamt (S abiall g galall AB - @ashll g e 44 20 s C,D,EFG Llaily
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s gball Shaa¥) Jhe ol (558 Suay s I e Lalaill dalall cildlaay) cas 5 o

Ml IS e Jsan 8 L il s Jiay alidl)
CiaY) Ak daludl Clas 3 -7)

Point
A C D E F G B A
NO.
Y Ya Ye Yo Ye Ye Yo Ye Y Ya
K K
X -Xa -Xe -Xp * Xe Xe Xs Xg -Xa

g sana Sl il pandy cduaia (g pdal bad JS 85k e (piiadl 5 (e JS i o )
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