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Abstract
Project name
(Design and rehabilitation of Wad Aziz road in the city of Hebron)

By: -

Anas Abu Dabat
Ezz —al dein Al Hour

Oday Saleem

Supervisor:

Dr. Itissam Abuiziah

Abstract: -

The main objective of the project is to rehabilitate and design Wad Aziz Road in the
city of Hebron, which is a secondary road that connects with the main Abu Katila
Street and Farsh Al-Hawa Street, which is a road that connects with residential
complexes and many schools and serves many residents. The length of the road is
VY e meters.

The project will include the design of the infrastructure, the rainwater drainage
system, the design of vertical and horizontal curves, and the development of an
appropriate transportation and traffic system based on engineering specifications
and standards.

We also want to create a good system for the drainage of surface water from the
right-of-way by making side channels and transverse slopes, as well as placing

ferries in the appropriate places

Vi
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(030a) ) Galaal) Jusill (30 & 5 el (32 sk (e 4Bl 5l )5 el alaal 34 3 08
13 e gaal KAl Jaad)) Vg0
Akl jgaal) Jaa Jalza¥oV_fo0
@A Ll ) e Caay o A8 all Lgd a5 e JSU il A g Le 4S5l ) paal) Jead (S Jalaall
‘;\dﬁﬁgﬂ\ Jaall DS Gl e 220 (e M‘eﬁ:\}&_@g&j‘u&&lé&ww‘ J‘)AAML;JJAAX\ Jaall )}fﬁﬁbﬁ
O553(SN) LU a8 1 Caa )l ks A3 e i) Sy Clua ) Adds 3000y Al paiall 43led] o )l Jsaa
Dsoall @ld) Ay gl g dlaall 3kl Y 0 ML ghue ((JE ) g pall @) A N 3Lk (PT) Sl Aaadd) (5 sl
Leiad 7 5l 5 8 il Cua )l 3855 (e el 2my Caia Il Al (5 e Jidal 40000 Y) Al Lain 2,001 sbess (o siall
) 33 el L 0 Y8 Y
Ulall 15l e g 53 gl Jand o salll Jd Al g Qs 553 Ales (B 4 g Al (5 gina S8 oo Alel) dadl)
Laay) sale) o AkaaillS dasual)
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PSI= present Serviceability index
(Y e Jaiing 5 (0 (e Leiad 7 5l
Initial serviceability index (pi) & terminal serviceability index (pt).
Baall oy kllE o =Py

5 simall it 5B Y 5 s I (3L 5= Py
APSI =pi-pt=4.5-25-2

Loy LS el § 53 Cen liian asill gpall ann s saill dalral Lo g dpapanaill 3yl A 5okl e e il
A A8l (ye (33 skl e (S apanail) Jeal) dad Gla 2 Apapanaill 5 jlall 3 Jail) S e
ESAL = fa* Gf* AADT * 365 * Ni* fE

NULCAES
ESAL=Equivalent Accumulated 18000 Single Axle Load.
fa= Design lane factor.

Gf= Growth factor.

AADT = First year annual average daily traffic.

Ni= number of axles on each vehicle.

fE= load equivalency factor.
1 S Jsaall e (fdydad Sle Jpasd) sy’

+ (Fyiasaall 3 jlall 3 Jl) LS e s (1 1-0) g2l

Lazaaill 5 lad) A S8 s o A Gkl e e
A8 JR) ClS ja a2 (e Qghle-l"ﬂlgﬁ
50% 2
45% 4
40% S sl6
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ealdd) Ladl)

280 AL (5 oS5 (Ft e o il 5 oladl IS 8 o puse e (5 sind Lgapanad ol yall G5y 5Ll
(%9 st Gd) Jsaall 0 2

2 Al Jsandl (e Lgle J eanl) S38(Gryied Liv/

(Gf) 5 Jalae (1 ¥-0) J g2

1 1 1 1 1 1 1 1 1
2.1 2.08 2.07 2.06 2.05 2.04 2.02 2 2
3.31 3.25 3.21 3.18 3.15 3.12 3.06 3 3
4.64 451 4.44 4.37 431 4.25 412 4 4
6.11 5.87 5.75 5.64 5.53 5.42 5.2 5 5
7.72 7.34 7.15 6.98 6.8 6.63 6.31 6 6
9.49 8.92 8.65 8.39 8.14 7.9 7.43 7 7
11.44 10.64 10.26 9.9 9.55 9.21 8.58 8 8
13.58 12.49 11.98 11.49 11.03 10.58 9.75 9 9
15.94 14.49 13.82 13.18 12.58 12.01 10.95 10 10
18.53 16.65 15.78 14.97 14.21 13.49 12.17 11 11
21.38 18.98 17.89 16.87 15.92 15.03 13.41 12 12
24.52 215 20.14 18.88 17.71 16.63 14.68 13 13
27.97 2421 22.55 21.01 19.16 18.29 15.97 14 14
31.77 27.15 25.13 23.28 22.58 20.02 17.29 15 15
35.95 30.32 27.89 25.67 23.66 21.82 18.64 16 16
40.55 33.75 30.48 221 25.84 23.7 20.01 17 17
45.6 37.45 34 30.91 28.13 25.65 21.41 18 18
51.16 41.45 37.38 33.76 30.54 27.67 22.84 19 19
57.28 45.76 41 36.79 33.06 29.78 24.3 20 20
98.35 73.11 63.25 51.86 47.73 41.65 32.03 25 25
164.49 113.28 94.46 79.05 66.44 56.08 40.57 30 30
271.02 172.32 138.24 111.43 90.32 73.65 49.99 35 35

0555 (GYad o8 L5 (% %) sall 3 dad giall oL 31 a5 33020 (Lifiesall aancaill 330 331 3

(%Y YA Yo sae

£ 15 Ll Jlaa¥) e J geaall iy, 2auld Jlaal ) SIS al o) 350 Jasad o ((Giad a2
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4 pdall g gadl) g (3 shall ALENY) avanail)

Al Jeadl ‘

.(Load Equivalency factor)aumts Jueal I S pall of 55l dsasi(V ¥-0) J g

KN Ib Single  Tandem KN Ib Single Tandem
Axle Axel Axle Axel
4.45 1,000 0.00002 182.5 41,000 23.27 2.29
8.9 2,000 0.00018 187 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 3
22.25 5,000 0.005 200 45,000 34 3.27
26.7 6,000 0.01043 204.5 46,000 37.24 3.55
31.15 7,000 0.0196 209 47,000 40.74 3.85
35.6 8,000 0.0343 213.5 48,000 44.5 417
40 9,000 0.0562 218 49,000 48.54 451
44.5 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
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 0.36 0.027 240.2 54,000 6.47
66.7 15,000 0.478 0.036 244.6 55,000 6.93
71.2 16,000 0.623 0.0472 249 56,000 7.41
75.6 17,000 0.796 0.0608 253.5 57,000 7.92
80 18,000 1 0.0773 258 58,000 8.45
84.5 19,000 1.24 0.0971 262.5 59,000 9.01
89 20,000 151 0.1206 267 60,000 9.59
934 21,000 1.83 0.148 271.3 61,000 10.2
97.8 22,000 2.18 0.18 275.8 62,000 10.84
102.3 23,000 2.58 0.217 280.2 63,000 11.52
106.8 24,000 3.03 0.26 284.5 64,000 12.22
111.2 25,000 3.53 0.308 289 65,000 12.96
115.6 26,000 4.09 0.364 293.5 66,000 13.73
120 27,000 4,71 0.426 298 67,000 14.54
124.5 28,000 5.39 0.495 302.5 68,000 15.38
129 29,000 6.14 0.572 307 69,000 16.26
133.5 30,000 6.97 0.658 3115 70,000 17.19
138 31,000 7.88 0.753 316 71,000 18.15
142.3 32,000 8.88 0.857 320 72,000 19.16
146.8 33,000 9.98 0.971 325 73,000 20.22
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151.2 34,000 11.18 1.095 329 74,000 21.32
155.7 35,000 12.5 1.23 3335 75,000 22.47
160 36,000 13.93 1.38 338 76,000 23.66
164.5 37,000 155 1.53 342.5 77,000 24.91
169 38,000 12.2 1.7 347 78,000 26.22
173.5 39,000 19.06 1.89 351.5 79,000 27.58
178 40,000 21.08 2.08 365 80,000 28.99

& daall o e ely(Load equivalency factor)iSal dasll dales e Jgeanll &5 Gl Jsaall (s
Kn/axle Y+ + ¢sbee (tow axle single) e a8 sl Jeall 510 Kn/axle s sbs (Passenger car)le

Sl Jasll Jalae a8 8 UL 5110 Kn/axle s (three axle single unit trucks) e a5l Jas
(b LS odel Jsaall (ga Ledle J saanll o5 il

Load equivalency factor for Passenger car (fE) =0.0003135
Load equivalency factor for tow axle single unit trucks (fe) = 0.1980889
Load equivalency factor for three axle single unit trucks (fE) = 0.29491

el 090 IS all dp s LSl 23 Jawssia 1 () £-0) Jpn

3-axle | axle 2- | passenger Al
) £ YA€ aY)
) g0 ¥AQ Cpiiyl
) 1Y Ya. LD
\ % Yay la )Yl
“Y¢ Yot Ad VT S 22211 (0 gial) Al

p5\6 ks (1098) S 5 (oo sl) s el dane (e (sl paa Jabadl duadll o J guaall o5 Liay)

Al g o (go s oan e IS A Alaladl) Cansn LS all 15 a0 g 53 IS (ESALJhash cann lld 2y
Al 3 LS (Total ESAL) e duasil &3l

ESAL = fa* G+ AADT * 365 * Ni* fE

ESAL (passenger):

=0.5*29.78*1098*365*0.8916*2*0.0003135—3336.011
ESAL (tow axle single unit trucks):
=0.5*29.78*1098*365*0.106*2*0.1980889 —250602.79
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ESAL (three axle single unit trucks):
=0.5*29.78*1098*365*0.0023*2*0.29491—8095.38
ESAL (total) = 262034.181

© Ciua ) ciligs dSlaw lua¥-to0

) el Jaatl LIS (SN L) 28 L oy cliahs dlay) 5 Aaddiosall asaadl sl (3o Caagl)
Gaohll L iy

L shllS mnd ot ans Y (o) com L ghilS il e alaie W) o Al JS ASLews b 1
(Sl e Ak Jd

i JKICBR Jldesi : ' (15-5)dses

Al salall CBR gl
Crushed Stone 90 Base Coarse
Clay and Stone Soil 35 Sub Grade

Al Y aleall padius AL Jaleall bl g

~nN N
R="2+«xR; + =% R
12 12

-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

AASHTO Guide for Design of Pavement Structures 1993
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:dsaall aladind o3 (RS) 5 (Rd) J) 4ed alany

AUl Jeladl A ' (16-0)J g8

Suggested Regional Factor
0.2-1.0

03-1.5

4.0-5.0

casc

Roadbed soil frozen 5in or more

Roadbed soils dry

Roadbed soils saturated

sl ol s 85 JU) Al HeilA sdakh ) Heild L o6 Jaladl dahiae o e W) cpen 330
R=% * 0.9 +%* 4.5=2.1

:JSEN J3A (S-50il support value J) dasd sla) oy @l 2ay

- S0 — 90
b - 100
= — 80 o=z = —+—40.000
i =0 — 80 — 70
— 60
- - Ese B 30,000
— 70 [=
| 70 — 40 | sto
|l = = € | 30 - 20,000
— 60
- 60 —
= S — 20
77— Lso 4 —d
- 50
= = = ™ Rl
< | e =
- - s L a0  F| 10 = o ZEl 10000
=3 =TI a0 = =2F° = = |- 9000
32| < = |- =FEs = < |- so000
= = = =1=7 = .- =
‘2 = 230 S e 5 2 = |~ 7000
N =135 = S E = =
= | s N - 6000
- | = =
— 20 — a | so =130 — 5000
L 4 = — = = —y
=20 — === =
— 4000
= = - 10 - - 15
10
| 3 = = - 2 —— 3000
= = - o | — 20
o
s =0
= = 6.0 L 2000
—1 —_— ———

S-soil support value: (V-2)Js&

AASHTO Guide for Design of Pavement Structures 1993 ‘
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(S1-soil support value) = 10.1
(S2-soil support value) = 8.3

Total equivalent 18-kp singl
I2ad applications, thous

ural numher
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Design chart for flaxible pavemenls, p; =25

SNUaladl) dad 1(A-0) S

SN (Asphalt) = 2.2
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Aalacal) o @l g Al JS s il 2 13 3y

- SN: Structural Number.

- a1,a2 : layer coefficients representative of surface, base course respectively.
- D1, D2: actual thickness, of surface, base course respectively.

- Mi: drainage coefficient for layer i.

:Jslall e (al, a2 ,a3)d) el Claa o Cua

alddlaall Aad(1
(al)delaall A (17-5)d 52>
Case of Pavement a; suggested
Road mix ( low stability) 0.20
Plant mix (high stability) 0.44
Sand Asphalt 0.40

0.44 =aliad (3 Gas Lo o cliyg*

a20elad) Aad(Y
(82)Jalaall Aad: (18-5)d s>

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

L) E= a2 Aad 8 Sl 23 LS >
Y (s e (8 Clunia (i gy 5¢(Y0-09) g LSY) 2a ie iy peaill Jalnal Al Ll
il dlaws 8 Ul
1- D1 =2.20=5.0in=5.0 *2.54 = 12.7 cm Select 13 cm

0.44

2- D2=2.93-2.20=7.4in=7.4 *2.54 = 18.8 cm Select 20 cm
0.7*0.14
S ()55 il ASLaws (6 L
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Lkl dSe:’ (19-5)d saa

(p) o) dia )
1 (Wearing Course) <l
\ (Binder Course) <lau
AR (Base Course) (!
(Wearing Course) <law¥) dada s (1) awa anas oS5 (Binder Course)<liny) clihal dluilly

) E)Y aaay
LA saall Ge e oo soke Q) Al (1 65 (e Ay 8 5 liAk lae pladiu) Canad aa 1) ) sal dpuailly
700 el Ly slS Jan Aanss J85 Y5 (o el A saad) s Sl (3

AASHTO Guide for Design of Pavement Structures 1993 '

57



L dadia V-0
a1 i 1 g1 5390 Yoo
lall cda ) Y- Y- 0
Ol cwa )l Yo Yo 0
Ol dia ) it VYo Yo 0
Sl hall Fo Yoo
A )l clid e 4 i) il gadl) Yoo
. (Modify proctor Test) duall ,giSg 2 4308 V-Y-0
. (California Bearing Ratio) L s&lS Jaas 4uuiy-v_o
A pal) A ) asaiait -0
.Equivalent Accumulated 18000 Single Axle Load(ESAL) 4a cibuaV-£-0
ke gsaal LAAl) JaaliV Vo0

LA gaall Jaa Jalaa¥-oV_to0

i ) s ASLaw ilwa¥-£.0



4y i) Cila gadl) g 5y salt () azaail) ealdd) Ladl)

_;:\.Aﬁ.a\_O
O S i Lgiliua) sa g Lgil oS 5 ) cilinde S alagl e 5)ke 3okl ALEY) araall dglae s
lall Caa 5 ¢ el Caa ) (A 5 Cia H A ) £ 50 D336 2 a5 3okl o3 ey ) LS Al ol 5l Jas

Sl Nl
a1t i ) g 51 Yoo

(Rigid Pavement) -l i caleall Caa i Laa 5 3kl (8 Jasiuaall Cia )l A ) ¢ ) 53l 2530 2a

. (Flexible Pavement.c !l —aa il 5 ,Composite Pavement ) S all caa )il 5,
lall s ) Y- Yo 0

GOS8 By Gl adie (V0T ) Gy WSew mlh oY) dih 38 mag dile d A mas Al
o Lo o ) (Seey ALED clialldll dudy Apsoal) slaa¥l s dalie pe ) dslae Akl ok
By Aalue all ALapall e (00-Y0) Gn Lo daki JS Jsh 06 Cumy plad JSE e S o JeS
G odal e gl e ayy Gkl deph s @l daled) DA g Yool Jshl 1 Jeay
Gyl B G simsell Jealsdll gl Gus (Lugys Alledll Soely Lol sl ghlal
Jaladl Al jall AL Adla s Ll Jalll on G, clEl s Cauall g 5Ll Ay ) all el yall
s @l 5 Caliall Caa ) Alla A (bl Qe e g 5 el (a5 asanaill 8 aaY)

Al Al A 850 g sall Jucal gl A (e 13 5 2 gl alpall 5 4 31 oy Sl @
Bkl D) b el il i aSal) e

_)\.LAY\ olie () pual Cpuunl @

(Swell) #lsy) s ( Shrinkage) GileSi¥) &igas Jils5 o

RAR P TINS Qo e

Ol il Yo Yo 0
(s Dbkl (e de sena (o S

.(Sub grad) Ada¥) 4, il sk e
. (Sub base course).csY) i ledida o

.( Base course) (¥ ik @
.(Surface course. )ikl ol dgliuyl 4kl o

il Jann g Al ) Apeasd) Wil y Sl paall e Gl ASda s cpeginll e daahld) Asdl) o <5
Ale Jead) o Wb 088 of ity U Al 400 G ikl ods OMA (e Ay ssdl Jleall
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e gl 13ay (Compacted sub grade ) lilbalse Gueadl @lldy aa JQ0 LSeo ob Cusy Lo
Ui 5 e b 4alaiind o5 Cia )

Ol dia )l cldda VoYo Yo e

e Chall Clih iy U1 Al pa Y1 Hih as(Sub grade) dba¥l A Lids o)
il g el S5 U Gl el il L) ALY AT s Ly i
REYOR

A bl 55 5,8l (i Gl A3kl a5 0 (Sub base course) owbed) cad Le ddda Y
S L L mhall 06 s o Jal e sl Saall SuSall pasl) e g sl e il
Gt e Ak lgle (Bfiy g o ol Mge ey Adaul s 5 Ee e L e 058 O (S

b Lk ARl o3 e Cingl) (a5 ol

B Al A mhaudl A Jpadl e g5 Ak )l oQA\SQ\)SjAg;L@\)ﬂ\ C_L.L.J\mla)fahe.u: °
cAA Jgam

BBl gl ) G I Jeal 5 o

Gkl e 4 dlall clihall JLEiaY mhaul) s @

Lih il 3asa JB & ula¥) st clinh 8 Reakiosall o sall o) Cam o ) g0 CalISS b il e
e slad ) gal) (e

I RTENELENC I S i 3 VWA N - S S S

Cele JS Jaa gl A3 ) () K5 Akl o8 4 Aaddiiall Sl sall @

) il gl L 345 o o

AL L Al 3 gall 5 Aac Wl 8 gall A ) o5

5 e (A8 Cuny Culie s 7 )3 e g 5iad
. 060+ Lalual JSTI A e Y

%6 43 salll Jalaa 39625 e gpall 2n Holats ¥ o

—

.(Base course ) cula) 48k ¥

Al Ja B osode o mhadl e Gl cad L dih 8 pas ) A&k g
Jsall g g e e adiagy Lie A il e Jlal) msis Jesdh dGkl ol ol Lla
Isas e (Relia deas)i el ol Y clhlie o uSall Gl pasdl e LSl Alexidll
O Can ) Jie s dide o gy Culi pe sl i e dsall e de st de sene 5l el 30l
Basa JIY) Ssall (S8 GOkl meal s GlEdD (e degeae o Baaly Ak o gmsk il

e s SV Jau)
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.(Surface course. )ikl g 4liuy) AGdal) _¢

G e 0sSH Y Ak 38 pag L) Gl deasll e Wik ge sle A
DlieY) G 38U dime ulee o Gl o3 aaaiy dlall dgliny) cllllll e K saal
Sl ssiaal il CJJJ\ dms:\) Wartiiall daaall ZoYs L el 8l 4y Lkl dklall 36
O s (hool clinyl cllals 8 g Al clapail ALYl alYo bl oall aaa @ Glpas
Aaglia (eSS Qi e LA:I\‘B Aoaluall coladall Lgiaglda Dl ?:uuaﬂ\ cldlate & Waayll e i
el Ans 058 Gusy Agliay) ASkl)l aoEs Apsoell Jla¥l sl ge @l il o gl
eodly call il aaglies cwdll sy Jal e lagTack(Coat)s=Y 4sss (Prime  coat)
10l Caa ) lida o Al IS

aoli {._ WEH

y;_,i_ﬁl..Tu,'n —p-E ﬁﬁ

e — U

A pal) A ) cilish (1-0) Jedd)

.(Composite Pavement )eS sall ciua ) ¥ Y. o

AL s Agluy) Akl o5, dple,d Al il e clia)ll e gl 1 sy
sale) die A el clia ) sy ddall 3lal S dwli sale) da(Overlay)slaS) daabS dpla Al
At i) Gkl b Alall el Y sanll e glial LY
A ) i e & pdall cllagadl) Yoo
M Gl Cradali g Cpaald LIS 5 daala (B Aol i B ladll o2a o) jaly Liad
: (Modify proctor Test) dxall jgiSg p 425 V-Y-0
Loy LBUS 3l g Al palbad Guead dal Gay , lelia Gl SU e Ll A
GE e puS il W e ol Al b sasasad) elad) Ly AR el @YU (el dles

Jaal JPEN L...\HJJS ala yi PEIN] ou L@.;a‘)} L\;..JJJ.\ aalsl) 2\_\‘)33\ ‘;S Ll ds 33y 48l aag daa MJU:AAX\
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oobaall AEKIL Adadll sda e AUKH ey elddl AwS B3 die ety AU lade las dks )
Optimum)adiall  elal  dpwi ewd 48K o2 s A cldl 4y Maximum  (Density)
B MLy bl daias slsed)l o Ll AdA Ll <8 Ayl o (4 4dl Cus(Moisture Content
. (OM)ALiall clall Ay 5 (V) Adlad) (5 guml) ZEUSH Lt 20a5 g Loyl 03 (g math Jl) Ciagl)

¢) ) olils (Base Course)iish e 355 ( Sub grade) 4k e 5 e (iye dondl o2 ol jaly Lid
A < 5o alasily Liad 4y el

il Uil g Jaeal) 55 5 )

SN A gl e 48 jlaall oda Tl g 235h () +) Wi st (Al s Aandd) 585 A8 jhaa Y
B obua g slas )y 8 e ol jill Lalalole 5 ¥

M4 8 Jaaae L8

Syn cliis 0

wiaill 0 8y () jae T

i k) aladiuly (AASHTOT-99.... ASTMD-698-78)Asidll ciliua) sall o sy &y jauill o3 Jas alg

-

Al

L by o L Apmdall 4 gl 1) At aaa3 % 1 98 o8 ) Jaie (e 8 lall Al e a2 S0 s S )
Jan 4 5l Bl 5 (£9) Sl 6 siaa e J panll sl

Bac 8l pe claall Q8 () 55 (ulity o583 LY

A JS rhan gy o g Gl uea oLl 54 5007 dlida S cleriy i Gued o 4 il clayy ot ¥
o) Ly ae cliahall elulas i @l Baaall 5 jlauall aladiuly

il pad o ga g s B ¢ ) prdas e (g sluaitl 350 0 & i) 5l 8 plansall aladiinly s Al e Adla)) Joadl g
e jall el A8 ol Al 3 o Caal

AS sadall 4 il g 3ac il e sl G (59 s 0

Aoyl dae 7 ojaiud aisacldl Juads 1

(bl s simall apanil (2l Ve g Q) e g dan 55 Jad (1 48 gSaall 4 i) (e de 230 Y

MM Lehalal s elall oY 9 Caal 5 Aiiall 4 il ge il el A

ol a3 g lall 3aly 3 a5 iy Ty A 5l 5 308 ae AN (355 o) TaaY) s Ol e 320 (A-£) el shadl) 5 ST 4
Ol slae ey

AN 5 il aas ) o Slall (5 ginall g A8a) ZEUESI s AR Jinie sy s A il Zdlat) AEUSH s 2y )
S A sha )l (s ginall Adaill o2l el (5 sinall Jiay 5 iniall (e At e Jiai (5 guadll ddla])
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SAll) clibad) g ) 58N Ay il oda culanadg
We = <Ll Ay’
AOEYYEY =& b Q) 5o
elall o5y Zelal) v’

Alall ) 0 35
Ada ) Al 3 g = Auda )l ANV

Al ana

Al 1) AAUKY =dala) 48Ul v

\+(\ . '/;N\:L.\ul)

(G re A8 Al 0 5 — QAN pa Ada ) Al (5 5) =l 55V
(G ¢ — Al e Al Al 55 )= A8l Al (5

Caw)o Y= QllEl) iy

e V).0A = L plis v

(5 s Al s ol ML g i Y1 %7 % YAl Cacal) =l aaay’

as YV OV YA = V) OA *T X YAV 1) =

0S5l Ayl ] die sl 685 5 4 20

. base course &l auda )l A3ESN (V-0 ) Jgaa

(Y amas) Auda ) A8LSY) (a&) a8 013 (a8) &y Al 03 (p8) Il + L) 15
Y.Y\Y YY) YA $00. yYYay
Y.YAQ YY) YA EAY . \YooH
Y. ey YY) YA o0YA¢ \Yay.
Y.¥4a YY) YA SAYVY \YooA
Y. Y1 YY) YA ¢vea \Yéde

39



4 pdall g gadl) g (3 shall ALENY) avanail) Cwaldl) Juadl)

.Base coursedis! 43 sh )l sy A8lal) 48U (Y-0) Jgaa
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|

et e dstalt

2349 B

232

230

228

2261

2.244

222

2204

2184

£.16

2144

2aed

2104

2081

2064

2044

2.024 - .

2.00 . v v y v e

0.00 c B 6 8 10 12 % skl

.(base course)iial ddlall A8 5 4, gl Hl) A (0 ABVAI(Y-0 )JLdd)
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:(California Bearing Ratio) CBRULI_s&lS Jaal duui¥-v_o
Gl (s sinall Bana o vie 4 il Ao 8 Limade jun s Gane Hhal D13 B ) 53 p 33U Jasd) Gl e 3 ke 85
b aled s alaY 0 jlaias o0 5 el die bl Jaraall o Jreadl ) Jaraall 5f Jaadl 138 G Gilisa 5 A3ESY)
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(CBR)Janill A a (any e 5(0-0) ol J g2

i = —
= R .
USCan sall 2l Alani Wl T | 2 sall Canieas
A ASHTO S5%) (CBR) sl
AS AG.AT OH,.CH,.MH.OL gl Al sac &l Too Sdam o 0-3
Al AS
OH.CH.MH.OL Gl _aEll saclah Sham. s 37
AG. AT
A2 L A -
OH.CH, MH.OL ™ 3l guEa F-20
MG AT
Alb , .
GC.,SW.GM 5 ol
A2 — S5, ) CETEN 20-50
SM .SP.GP Ol e
A3 A2-6
A= GW . GM ol B 5lGas S0 Cre asi
A4 A3

(315 i 8 (3l bl L 5ilS a3 ana) s sllaall clieal gall a1 Jsaall g

V)5 a8 (3 Ll il U5 slS Jan Al g sllaall el 5all ) (1-0) 52

(%) iy sidS Jasd Aansi Aadal
R (Sub grade) il daka
3l 1a54(0 (Sub —base course) clus ol
Sl 22580 (Base course) s

Janil) dad lad A Jgaal) G gall ) ol padiu

(CBR)Jasill i ilua (V-0) Jgia

(plo) GlAYT i (JSuls Lae) Al 05510 32a
2.5 6.9
5.00 10.3
7.5 13.00
10 16.00
12.7 18.00

' https://issuu.com/20786/docs/californiabearingratiocbrtest
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i) i) pall i @ll3 52, 01 =i 55 ie Adlall AN dad e f (jasdh51 HS 2ie CBRAS wlua 2’

(5 sbesi Ll s (plands 8 daiiall
Alga J< L) 4S dsi(Y 0 -0) Jgan
CBR RN
Yoo Base course
Yo Sub grade

A pal) dda prauait o

‘AASHTOpUa e ol &5 jal) ddia )l arenal &
(American Association of State Highway and Transportation Officials)
:Equivalent Accumulated 18000 Single Axle Load. (ESAL) 4ad ciluat-t-0
wﬂg&&\wﬂ\wi}jﬁnw}ﬂ\ gl dLAA\JeIAA‘ Qb\.uu)&u\a_\u"é;)b@\ﬁ\m’m
(030a) ) Galaal) Jusill (30 & 5 el (32 sk (e 4Bl 5l )5 el alaal 34 3 08
13 e gaal KAl Jaad)) Vg0
Akl jgaal) Jaa Jalza¥oV_fo0
@A Ll ) e Caay o A8 all Lgd a5 e JSU il A g Le 4S5l ) paal) Jead (S Jalaall
‘;\dﬁﬁgﬂ\ Jaall DS Gl e 220 (e M‘eﬁ:\}&_@g&j‘u&&lé&ww‘ J‘)AAML;JJAAX\ Jaall )}fﬁﬁbﬁ
O553(SN) LU a8 1 Caa )l ks A3 e i) Sy Clua ) Adds 3000y Al paiall 43led] o )l Jsaa
Dsoall @ld) Ay gl g dlaall 3kl Y 0 ML ghue ((JE ) g pall @) A N 3Lk (PT) Sl Aaadd) (5 sl
Leiad 7 5l 5 8 il Cua )l 3855 (e el 2my Caia Il Al (5 e Jidal 40000 Y) Al Lain 2,001 sbess (o siall
) 33 el L 0 Y8 Y
Ulall 15l e g 53 gl Jand o salll Jd Al g Qs 553 Ales (B 4 g Al (5 gina S8 oo Alel) dadl)
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PSI= present Serviceability index
(Y e Jaiing 5 (0 (e Leiad 7 5l
Initial serviceability index (pi) & terminal serviceability index (pt).
Baall oy kllE o =Py

5 simall it 5B Y 5 s I (3L 5= Py
APSI =pi-pt=4.5-25-2

Loy LS el § 53 Cen liian asill gpall ann s saill dalral Lo g dpapanaill 3yl A 5okl e e il
A A8l (ye (33 skl e (S apanail) Jeal) dad Gla 2 Apapanaill 5 jlall 3 Jail) S e
ESAL = fa* Gf* AADT * 365 * Ni* fE

NULCAES
ESAL=Equivalent Accumulated 18000 Single Axle Load.
fa= Design lane factor.

Gf= Growth factor.

AADT = First year annual average daily traffic.

Ni= number of axles on each vehicle.

fE= load equivalency factor.
1 S Jsaall e (fdydad Sle Jpasd) sy’

+ (Fyiasaall 3 jlall 3 Jl) LS e s (1 1-0) g2l

Lazaaill 5 lad) A S8 s o A Gkl e e
A8 JR) ClS ja a2 (e Qghle-l"ﬂlgﬁ
50% 2
45% 4
40% S sl6
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ealdd) Ladl)

280 AL (5 oS5 (Ft e o il 5 oladl IS 8 o puse e (5 sind Lgapanad ol yall G5y 5Ll
(%9 st Gd) Jsaall 0 2

2 Al Jsandl (e Lgle J eanl) S38(Gryied Liv/

(Gf) 5 Jalae (1 ¥-0) J g2

1 1 1 1 1 1 1 1 1
2.1 2.08 2.07 2.06 2.05 2.04 2.02 2 2
3.31 3.25 3.21 3.18 3.15 3.12 3.06 3 3
4.64 451 4.44 4.37 431 4.25 412 4 4
6.11 5.87 5.75 5.64 5.53 5.42 5.2 5 5
7.72 7.34 7.15 6.98 6.8 6.63 6.31 6 6
9.49 8.92 8.65 8.39 8.14 7.9 7.43 7 7
11.44 10.64 10.26 9.9 9.55 9.21 8.58 8 8
13.58 12.49 11.98 11.49 11.03 10.58 9.75 9 9
15.94 14.49 13.82 13.18 12.58 12.01 10.95 10 10
18.53 16.65 15.78 14.97 14.21 13.49 12.17 11 11
21.38 18.98 17.89 16.87 15.92 15.03 13.41 12 12
24.52 215 20.14 18.88 17.71 16.63 14.68 13 13
27.97 2421 22.55 21.01 19.16 18.29 15.97 14 14
31.77 27.15 25.13 23.28 22.58 20.02 17.29 15 15
35.95 30.32 27.89 25.67 23.66 21.82 18.64 16 16
40.55 33.75 30.48 221 25.84 23.7 20.01 17 17
45.6 37.45 34 30.91 28.13 25.65 21.41 18 18
51.16 41.45 37.38 33.76 30.54 27.67 22.84 19 19
57.28 45.76 41 36.79 33.06 29.78 24.3 20 20
98.35 73.11 63.25 51.86 47.73 41.65 32.03 25 25
164.49 113.28 94.46 79.05 66.44 56.08 40.57 30 30
271.02 172.32 138.24 111.43 90.32 73.65 49.99 35 35

0555 (GYad o8 L5 (% %) sall 3 dad giall oL 31 a5 33020 (Lifiesall aancaill 330 331 3

(%Y YA Yo sae

£ 15 Ll Jlaa¥) e J geaall iy, 2auld Jlaal ) SIS al o) 350 Jasad o ((Giad a2
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Al Jeadl ‘

.(Load Equivalency factor)aumts Jueal I S pall of 55l dsasi(V ¥-0) J g

KN Ib Single  Tandem KN Ib Single Tandem
Axle Axel Axle Axel
4.45 1,000 0.00002 182.5 41,000 23.27 2.29
8.9 2,000 0.00018 187 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 3
22.25 5,000 0.005 200 45,000 34 3.27
26.7 6,000 0.01043 204.5 46,000 37.24 3.55
31.15 7,000 0.0196 209 47,000 40.74 3.85
35.6 8,000 0.0343 213.5 48,000 44.5 417
40 9,000 0.0562 218 49,000 48.54 451
44.5 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
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 0.36 0.027 240.2 54,000 6.47
66.7 15,000 0.478 0.036 244.6 55,000 6.93
71.2 16,000 0.623 0.0472 249 56,000 7.41
75.6 17,000 0.796 0.0608 253.5 57,000 7.92
80 18,000 1 0.0773 258 58,000 8.45
84.5 19,000 1.24 0.0971 262.5 59,000 9.01
89 20,000 151 0.1206 267 60,000 9.59
934 21,000 1.83 0.148 271.3 61,000 10.2
97.8 22,000 2.18 0.18 275.8 62,000 10.84
102.3 23,000 2.58 0.217 280.2 63,000 11.52
106.8 24,000 3.03 0.26 284.5 64,000 12.22
111.2 25,000 3.53 0.308 289 65,000 12.96
115.6 26,000 4.09 0.364 293.5 66,000 13.73
120 27,000 4,71 0.426 298 67,000 14.54
124.5 28,000 5.39 0.495 302.5 68,000 15.38
129 29,000 6.14 0.572 307 69,000 16.26
133.5 30,000 6.97 0.658 3115 70,000 17.19
138 31,000 7.88 0.753 316 71,000 18.15
142.3 32,000 8.88 0.857 320 72,000 19.16
146.8 33,000 9.98 0.971 325 73,000 20.22
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151.2 34,000 11.18 1.095 329 74,000 21.32
155.7 35,000 12.5 1.23 3335 75,000 22.47
160 36,000 13.93 1.38 338 76,000 23.66
164.5 37,000 155 1.53 342.5 77,000 24.91
169 38,000 12.2 1.7 347 78,000 26.22
173.5 39,000 19.06 1.89 351.5 79,000 27.58
178 40,000 21.08 2.08 365 80,000 28.99

& daall o e ely(Load equivalency factor)iSal dasll dales e Jgeanll &5 Gl Jsaall (s
Kn/axle Y+ + ¢sbee (tow axle single) e a8 sl Jeall 510 Kn/axle s sbs (Passenger car)le

Sl Jasll Jalae a8 8 UL 5110 Kn/axle s (three axle single unit trucks) e a5l Jas
(b LS odel Jsaall (ga Ledle J saanll o5 il

Load equivalency factor for Passenger car (fE) =0.0003135
Load equivalency factor for tow axle single unit trucks (fe) = 0.1980889
Load equivalency factor for three axle single unit trucks (fE) = 0.29491

el 090 IS all dp s LSl 23 Jawssia 1 () £-0) Jpn

3-axle | axle 2- | passenger Al
) £ YA€ aY)
) g0 ¥AQ Cpiiyl
) 1Y Ya. LD
\ % Yay la )Yl
“Y¢ Yot Ad VT S 22211 (0 gial) Al

p5\6 ks (1098) S 5 (oo sl) s el dane (e (sl paa Jabadl duadll o J guaall o5 Liay)

Al g o (go s oan e IS A Alaladl) Cansn LS all 15 a0 g 53 IS (ESALJhash cann lld 2y
Al 3 LS (Total ESAL) e duasil &3l

ESAL = fa* G+ AADT * 365 * Ni* fE

ESAL (passenger):

=0.5*29.78*1098*365*0.8916*2*0.0003135—3336.011
ESAL (tow axle single unit trucks):
=0.5*29.78*1098*365*0.106*2*0.1980889 —250602.79
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ESAL (three axle single unit trucks):
=0.5*29.78*1098*365*0.0023*2*0.29491—8095.38
ESAL (total) = 262034.181

© Ciua ) ciligs dSlaw lua¥-to0

) el Jaatl LIS (SN L) 28 L oy cliahs dlay) 5 Aaddiosall asaadl sl (3o Caagl)
Gaohll L iy

L shllS mnd ot ans Y (o) com L ghilS il e alaie W) o Al JS ASLews b 1
(Sl e Ak Jd

i JKICBR Jldesi : ' (15-5)dses

Al salall CBR gl
Crushed Stone 90 Base Coarse
Clay and Stone Soil 35 Sub Grade

Al Y aleall padius AL Jaleall bl g

~nN N
R="2+«xR; + =% R
12 12

-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

AASHTO Guide for Design of Pavement Structures 1993
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:dsaall aladind o3 (RS) 5 (Rd) J) 4ed alany

AUl Jeladl A ' (16-0)J g8

Suggested Regional Factor
0.2-1.0

03-1.5

4.0-5.0

casc

Roadbed soil frozen 5in or more

Roadbed soils dry

Roadbed soils saturated

sl ol s 85 JU) Al HeilA sdakh ) Heild L o6 Jaladl dahiae o e W) cpen 330
R=% * 0.9 +%* 4.5=2.1

:JSEN J3A (S-50il support value J) dasd sla) oy @l 2ay

- S0 — 90
b - 100
= — 80 o=z = —+—40.000
i =0 — 80 — 70
— 60
- - Ese B 30,000
— 70 [=
| 70 — 40 | sto
|l = = € | 30 - 20,000
— 60
- 60 —
= S — 20
77— Lso 4 —d
- 50
= = = ™ Rl
< | e =
- - s L a0  F| 10 = o ZEl 10000
=3 =TI a0 = =2F° = = |- 9000
32| < = |- =FEs = < |- so000
= = = =1=7 = .- =
‘2 = 230 S e 5 2 = |~ 7000
N =135 = S E = =
= | s N - 6000
- | = =
— 20 — a | so =130 — 5000
L 4 = — = = —y
=20 — === =
— 4000
= = - 10 - - 15
10
| 3 = = - 2 —— 3000
= = - o | — 20
o
s =0
= = 6.0 L 2000
—1 —_— ———

S-soil support value: (V-2)Js&

AASHTO Guide for Design of Pavement Structures 1993 ‘
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(S1-soil support value) = 10.1
(S2-soil support value) = 8.3

Total equivalent 18-kp singl
I2ad applications, thous

ural numher
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=
=
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6

Design chart for flaxible pavemenls, p; =25

SNUaladl) dad 1(A-0) S

SN (Asphalt) = 2.2
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Aalacal) o @l g Al JS s il 2 13 3y

- SN: Structural Number.

- a1,a2 : layer coefficients representative of surface, base course respectively.
- D1, D2: actual thickness, of surface, base course respectively.

- Mi: drainage coefficient for layer i.

:Jslall e (al, a2 ,a3)d) el Claa o Cua

alddlaall Aad(1
(al)delaall A (17-5)d 52>
Case of Pavement a; suggested
Road mix ( low stability) 0.20
Plant mix (high stability) 0.44
Sand Asphalt 0.40

0.44 =aliad (3 Gas Lo o cliyg*

a20elad) Aad(Y
(82)Jalaall Aad: (18-5)d s>

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
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Y (s e (8 Clunia (i gy 5¢(Y0-09) g LSY) 2a ie iy peaill Jalnal Al Ll
il dlaws 8 Ul
1- D1 =2.20=5.0in=5.0 *2.54 = 12.7 cm Select 13 cm

0.44

2- D2=2.93-2.20=7.4in=7.4 *2.54 = 18.8 cm Select 20 cm
0.7*0.14
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Speed AASHTTO2011

kph K(crest) K(sag)
20 1 3
30 2 6
40 4 9
50 7 13
60 11 18
70 17 23
80 26 30
90 39 38
100 52 45
110 74 55
120 95 63
130 124 73
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