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  
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אאאא 

٢٠٨٢٠٨  



٢٠٨
א

 
 

 

،،אא،אW


אאאאאאאאאא
א א א א א   א א  ،א   

אאאאאא
،אאאאאא

אאאK


אאאאאאא
  א        ،א אא  

 א ، אא א אא א
א،אאאא
אאאאאאאאאאאאא

      א  א   ،א  
אא،אאK


 א א   ?א  ?  ?  ?א 

אאאאאאK


אאאאאאא
،א،אאאא

אאאאאK


، א אאא
אK


אאאא



٢٠٨
א

 
 

 

אאא،אאאא
אאאאאאאאK

אאאאאא
 א א  א א      א  

אאאאK
   א א  א    א א 

א א א א אאא
אאאאKאאאא

אאאאא אאא
Kאאאאאאא

א א    א   Kא א אא א 
אאאאאאאאאאK

 א  א א  א  א א   א אא
אא      א א א  K   א

אאאאאאאאאאK
אאאאא

אאאאאאאא
אK


 



 

 

 

אאאאאא  

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 
א







א


א


 

١



٢٠٨אא
אאאא
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אאW
   א א אא א   א  א ،

א א     א א א א   
אK


אאW

אאאאאW
• אאאאאאאאK 
• אאאאאאאאK 
• אאאאK 
• אאאאאK 
• אאאK 
 

אאאW
אאא٩٠٪


אאאאW

٤K


אאW
אאK



٢٠٨אא
אאאא
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١J١
،אאאא

،אא אאא א
אא Kא

אאאאאאאK


١J٢א
 אא א א

W
• אאWאאאאK 
• אאWאאאאאK 

אאאאא
א א    ، א א א   

אאKאאא
אאאאאאא

אאאKא
אאאאK 

אאאאאW
١K  אאאאאא

אK
٢K   א א   א  א  א  

א   א א א אא   א  א  ،א
א K         א   א 

א א     א    א א   ،
אאאK 
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אאאא
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١J٣אאאא
١K א  W א א א   א  א  

אאאאK 
٢K א Wאא  אאא   אא

אאאאאK 
٣K א W א  א   א א אא  א 

אאאאאאא
אאאאאאK

  א א א אא   א א  
K 


١J٤אאא

א א א    א   א א א א 
אאא Kאאא

אאאW
• א؛ 
אאאא؛ •
 אאאא؛ •
 אאאא؛ •
• אאאאK 

אאאאאאאW 
• ؛אאא 
 אאאא؛ •
 אא؛ •
 אא؛ •
• אאK 



٢٠٨אא
אאאא
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١J٤J١אאא
אא  אא אאא א

אאאאKאאא
אאאאאאאאאאאא

אאאאאאK
   א   א א א א אF١W٥٠٠٠ KE  

אאאאאאאF٤}٠EF٦}٠Eא
אאאKאאאאאאאא

אאאאאאאאאK
אאאאאא

אאאF١}١KE
 
١J٤J٢אאאא

אאאאאאאא
אאאא،אאא
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





א


א



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אאW
אאאאאאאאאK

אאאאאאאא
אאאאאאאאאאא

K

אאW

אאאאW

• אאK 

• אאאאאאK 

• אאאאאK 

• אאאK 

אאאW

אאא١٠٠٪

אאאאW

١٢

אאW
אאאאאK
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אאא
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אאW
אא

٢J١
אאאאאאא

אאאאאאא
Kאאאאאאא

אאאאאKאא
אאאאKא
אאאK


٢J٢אא

אאא
אאאאאKאאאאא

אאאאאאאK
אאאאאאא

W

• ؛

 ؛ •

 אא؛ •

• אK 

 
٢J٢J١אא 

אאאאאאא
אאKא

אאאאאאאאKא



٢٠٨אא
אאא
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אאא
אאאאK


٢J٢J٢אא

אאאאא
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אאאKא

אאאאאאK
 
٢J٣J٢אאא 

אאאאא
אאאא

אF٢}١Eאא٣٠K 



F٢}١E٣٠K




٢J٣J٣אא

אאאאאאאא
אאאאW

١K א؛אא







א


א



 








א


א







٠٫١ 

٠٫٢

٣ ٢٠ ٤٠ ٥٠ ٦٠

אא
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אאא
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٢K אאאאאאאאא
 אאאא؛

٣K אאאK 

אאאKא
אאאW

( )n
nD eVV += 1 

W 
VDWאאא
VnWאא
eWאאא
nWאא

W

אאא١٥٠٠٠א،אא
אאאאא٣K٪

אW

( )n
nD eVV += 1

Vn Wאא=15000 

אאאFeE = ٣٪

אא(n)=١٠א

( ) ( ) 2015903.01150001 10 =+×=+= n
nD eVV 

אאאFVDZE٢٠١٥٩



٢٠٨אא
אאא
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٢J٤ א
אאאאא

אאאאKא
אאאאאאKאא

אאאאאאא
אאKאF٢}٢Eאאאא

א.(AASHTO)

אאW

• אאאWאאאאאא
אאK

• אWאאאאאאא
אK 

• אWאאאK 

      F٢}٢Eאאא(AASHTO)K 

א אFLאE 


 
٢٠٠٠FE 


 

٣٠٠٠FאאE 

א
 

٤٠٠٠FאאE 


٢J٥א

אאאאאא
אK





٢٠٨אא
אאא
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٢J٦א
אאאאאאאא

אאאאK
א،אאאא

אאאKאאאא
אאאאאאKאW

אא؛ •

 אא؛ •

 אא؛ •

 א؛ •

 א؛ •

• אאא؛א 

 אאאא؛ •

• אאאאK 

אאאאאאא
אאאKאאאא

אאאKאאאא
אKאF٣}٢Eאא

אאאאF٢}٢EאאאK

F٣}٢Eאאא(AASHTO)K



٢٠٨אא
אאא
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

א 
 


FE 

אאFE 5.8 12.1 16.7 

אאFE 2.1 2.6 2.6 

אFE 1.3 4.1 4.1 

אאאאFE 3.4 7.6 6.1 

אאאאFE 0.9 1.2 0.9 

אאאאFE 
 

1.5 1.8 0.6 

 
 


F٢}٢EאאאאאK


٢J٧אא

אאאאאאא
אאאK



٢٠٨אא
אאא
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אאאאאא
אאאK

אאאאאאא
אאאאאאאKא

אאאאא
אאאאאK

אאאאW

אא؛ •

 .א؛ •

 א؛ •

• א. 

אאא٣٠١٢٠Lאאא
אאאאאאא،אא

אאK


٢J٨א
אאאאאא

אאKאאא
אאאאK

אא،אא،אאאא،אא
אKאא

אאאאאאא
K אF٣}٢EK





٢٠٨אא
אאא

 
 

- ٢٠ - 


F٣}٢EK


٢J٩א

אאאאאאאKא
אאאאאאא

אאאאאK
אאאאא

אאאא٣אאא
א٧٥}٣אאאK

א،אאא
אאאאאאK

אאאאא
אאKFאEא

אאאK
٢J١٠א

אאאאאא
אאאאKאא

אאאאאאא

 آتفآتف

 

א 

 

 
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אאא
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אאKאאא
אאאאאאא،א

אKאאא
אאאKאא

אא،אאא
אאאK 

 
٢J١٠J١אא

אאאאK
אא،אאא٢٪אאא٣٪

אאאאאKא
אאאא،א

אF٢}٤KE




F٢}٤EאאאK

א



٢٠٨אא
אאא
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٢J١٠J٢א

אאאאאאאאאאאא
אKאאא

אKאאאאאאאאK
א،אאאא

אאאאאK

،אאא
אאKאאא٢٥}١

٦٠}٣Kאא
אאא٢٪٥K٪


٢J١٠J٣אא

אאאאאאאK
אאאא

אאאאKאא
אאאאאK

אאW

• ١W٦אאאא؛١

• ١W٤אאאא١؛٣ 
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FEאאFEאא،
אK 
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אאא אאא 

PI = Point of intersection 
PC = Point of curvature (Beginning of curvature) 
PT = Point tangency (End of curvature) 
∆  = Central angle 
L = Length of curvature (PC to PT) 
l = length of arc (PC to P) 
θ  = Central angle for arc length l 
T = Tangent length (PC to PI and PT to PI) 
φ  = Deflection angle  
α = Deflection angle at PI between tangent and line 
from PI to P 
x = Tangent distance from PC to P 
y = Tangent offset P 
D = Degree of curvature 
R = Radius of curvature 
E = External distance 
M = Middle ordinate 
C = Chord length 
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For any tangent distance x: 

[ ] 2/122 xRRy −−=  
 
For any arc length: 

θsinRx =  
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אF٢}٥KE

F٢}٥EאאאאאאK
R (m) v 

(km/h)
f

e = 0.04 e = 0.06 e = 0.08 e = 0.10
300.1735303025
400.1760505045
500.16100908075
600.15150135125115
700.14215195175160
800.14280250230210
900.13375335305275

1000.12490435395360
1100.11635560500455
1200.09870755665595
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٢J١١J٦א

אאאא،
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אאא؛ •

 א؛ •

 אא؛ •

 אא؛ •

• א. 
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٢J١٢אא
אאאאאאא

אאKאאאאא
אאאKא

אאאאאאF
F٢}١٣KEE

אאאאאא
אא،אאKא

Kאאאאאאא
אאאאאאא

אאK




F٢}١٣EK

אאW
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

AWאאאאאאK

אאאאאאאא٨٪
אאאKא

F٢}٧Eאאאאאאאא
אאKאאאאאא

אאאאאK

F٢}٧Eאאאאאא(AASHTO)K
אאאE٪F

 
אא

FLאE
   
٩ ٦ ٤٨ 
٨ ٥ ٦٤ 
٧ ٤ ٨٠ 
٦ ٣ ٩٦ 
٥ ٣ ١١٢ 
٤ ٣ ١١٨ 



אאאאא
אאאא،אא

אאאא٢٥Lא
אאKאF٢}٧Eאאאאאאאא

א(AASHTO)K
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אאא
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F٢}٧Eאאאאא(AASHTO)K

אאE٪F٥}٢٣٤٥٦٧٨
אFE٧٠٠٤٧٥٣٢٥٢٥٠٢٠٠١٧٥١٦٠


W

אאא٥K٪
אW

אאZ٢٥٠، אאאאאא٥٪
אאא٢٥٠٢٥

LאK

٢J١٢J١אא

אFאאE
 Kאאא

FEאאFE
אF٢}١٤KE 

אאאאFF٢}١٥EEאא،W

• אאאK

• אK

• אאאאאאאK



٢٠٨אא
אאא
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

FEאא
 


FEאא


F٢}١٤Eאא

+g1% +g1% -g2% 

+g2% 

-g1% 

-g2% 

A 
A 

A 

g1 > g2  

A= (g1  - g2) /100 
A = (g1  + g2) /100

A= (-g1 + g2)/100 

g1 < g2 

A 

-g1% +g2% 

A= (-g1 – g2) / 100 

+g1% 

+g2% 

A= (g1 – g2) /100  

-g1% 

-g2% 

A= (-g1 + g2) / 100 

A 

A



٢٠٨אא
אאא
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


F٢}١٥Eאאא

אאאאאW

אא אא 
VPI = Vertical point of intersection 
VPC = Vertical point of curvature 
VPT = Vertical point of tangency 
G1 = Grade of initial tangent 
G2 = Grade of final tangent 
g1 = Grade of initial tangent in percent 
g2 = Grade of initial tangent in percent 
A = Algebraic difference in grade between G1 and G2 
K = Vertical curve length coefficient  
L = Length of vertical curve 
x = Horizontal distance to point on curve from VPC 
y = Offset of curve from initial grade line 
xm = Location of min/max point on curve from VPV 
e = External distance = Middle ordinate 
Ex = Elevation of point on curve located at distance x 
from VPC 
Em = Elevation of min/max point on curve at distance 
xm from VPC 
EPI = Elevation of VPI 
EPC = Elevation of VPC 
EPT = Elevation of VPT 
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٢٠٨אא
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٢J١٢J٢א 

אא
אKאאאאאKא

אאאאK
אאאאאאאאא

אKאאאאW
٢J١٢J٣א(Stopping Sight Distance: SSD)

אאא
א،אאאW

١K א(S)אאאאKא
אאאאא٥}٢،W 

VS 5.2= 
W 

:SאFKE

 :VאFLKE

٢K א (d)W 

 W 

fg
Vd
2

2

= 

W
 :dאFKE

gWאאFLKE
:VאFLKE

fWאאאF٤}٠KE
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 W

( )Gf
Vd

±
=

254

2

 

W

:Gאא١٠٠K

(SSD)אא
אW

dSSSD +=


• W 

fg
VVSSD
2

5.2
2

+=


• אW 
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VVSSD

+
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


• אW 

( )Gf
VVSSD

−
+=

.254
5.2

2



 
אאאאא

(2SSD)KאF٢}٨EF٢}٩Eאאא
(AASHTO)אאאאK







٢٠٨אא
אאא
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F٢}٨EאאאK
אאF/אE
 

א אFE 

48 0.36 55 
64 0.33 80 
80 0.31 115 
96 0.30 150 

104 0.30 165 
112 0.29 185 
120 0.28 205 
128 0.27 230 


F٢}٩EאאאK

אאF/אE 

 

א אFE 

48 0.62 48 
64 0.60 72 
80 0.58 100 
96 0.56 132 
104 0.56 149 
112 0.55 129 
120 0.54 190 
128 0.53 212 


W

א،אאא
٤K}٠אא٦٠Lא

אW

fg
VVSSD
2
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2

+= 

W



٢٠٨אא
אאא
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:VאZ٦٠LאZ٦٧}١٦LK

fWאאא=٤}٠K

W

mSSD 08.77
81.94.02

)67.16(67.165.2
2

=
××

+×=
W 

א٥٪אאא،א
٨٠Lא٤}٠אK

אW 

E אאW

( )Gf
VVSSD

−
+=

254
5.2

2




:VאZ٨٠Lא=٢٢}٢٢LK 

fWאאא=٤}٠K

:Gאא١٠٠=٠٥}٠

mSSD 1.61
)05.04.0(254

)22.22(22.225.2
2

=
−×

+×=
 

E אאW 

( )Gf
VVSSD

+
+=
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2



( ) mSSD 87.59
05.04.0254

)22.22()22.22(5.2
2

=
+×

+×=





٢٠٨אא
אאא
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٢J١٢J٤א(Passing Sight Distance: PSD)


אאאאאאאאא
Kאאא

F٢}١٦KE


F٢}١٦EאK

 
• אא(d1)W،אאאאא

אאW
( )MVd −= 84.01 

W

d1WאאFE

VWאאFLאE

MWאאאאאא،א
١٦LאK

A A’B B’ 

C’ C 

d1 d2 d3 

S S 

 العربات في الوضع النهائي: ’A, B, C A’, B’, C في الوضع الأوليعرباتال: 



٢٠٨אא
אאא
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• אא(d2)Wא،אאאא
אאW 

 

                   

( )
( )

a
St

MVS
tMVSd

73.2

62.0
84.022

=

+−=
−+=

 

:aWאאא٤LאLK
• אא(d3)Wאאאאא

אאא،אW

td 28.03= 

א(PSD)W 

321 dddPSD ++=
 

אF٢}١٠Eאאאא.

F٢}١٠EאאK 

אאF/אE
 

48 64 80 96 112 128 

אאא
F/אE 

41 54 65 75 86 94 

אאא
F/אE 

58 70 82 91 102 110 

אFE
 

335 460 550 640 675 835 

 



٢٠٨אא
אאא
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٢J١٢J٥אאא

אאאאFE
אאFFEF٢}١٠EKEא

אאאאKא
אאאאאאאW 

• אאWאא(SSD < L) W 

( )221

2

22 hh

ASL
+

= 

• אאWאא(SSD > L) W 

( )
A

hh
SL

2

21 22
2

+
−=

W

LWאאFE؛

SWאאאאFE؛

AWאאאאאאFE؛

h1Wאא؛1.07א

h2Wא0.15א K


٢J١٢J٦אאאא
  א  א אא   א א א 

אאאא  h11.07א
אh2  1.03 KאW 

١K אא(PSD < L) W



٢٠٨אא
אאא
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( )221

2

22 hh

ASL
+

=



٢K אא(PSD > L) W 

( )
A

hh
SL

2

21 22
2

+
−=

W

LWאאFE؛

SWאאאאFE؛

AWאאאאאאFE؛

h1Wאא؛1.07א

h2Wא1.03א .
 
٢J١٢J٧אאא 

א،אאאא
אאאאK

אאאאW

• אא(SSD < L) W

SASL 5.3
44.152

2

+= 

• אא(SSD > L) W

A
SSL 5.344.1522 +

−=



٢٠٨אא
אאא
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W

LWאאאFE؛

SWאFE؛

AWאאאאאאFKE 
W

  אא  אא   A = 0.09א Kא   א  
אW

 אZ١٠٠אK

 אZ٥٠אK 
 

אW 

 אאWאא (SSD < L) W 
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 אאאא(SSD > L) W
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٢٠٨אא
אאא
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W

אא אא(1/30) אא(1/40) K
אא٤٤٠אאא

אאK


אW

• אאWPSD < L 

( )221

2

22 hh

ASL
+

=

mh
mh

03.1
07.1

2

1

=
=

       
( ) ( ) 058.040/130/1

40/1
30/1

2

1

=−−+=
−=
+=

A
g
g



 

( ) mL 1352
.)03.1(2)07.1(2

)440()058.0(
2

2

=
×+×

×
=


• אאWPSD > L

( )

( ) mL

A
hh

SL

736
058.0

03.1207.124402

22
2

2

21

=
×+×

−×=

+
−=





 

 

 

אא  

 

אא  

אאא
gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]< 

אאאא 



א


 

٣



٢٠٨אא
אא
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אאW 
  אאאאאאאא

אאK


אאW
 אאאאW

• אאאאאK 
• אאאK 
• אאאK 
• א אאאK 
• אאאאאאK 

 
אאאW 

אאא٩٠٪


אאאאW
٦
 

אאW
 אאאאאK



٢٠٨אא
אא
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٣J١
אאאאאא

אאאאאאאא
אאאאא،אKאא

אאאאאאאK
 א  א   א א    א  K

 א א א  א א  א א   א 
אאאאאאאא

אאK
אאאאאאא

Kאאאאא
  א  א  א      

אאאאאאKKאא 
אאאאאאK


٣J٢אא

אאאאאK
אאאא

K 


٣J٣א
אאאאאאאאאא

אאאאאKאאאאW
• Wאאאאאא

אאאK 
• W אא אאא  

אאK 



٢٠٨אא
אא
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• Wא  א א א   
אאאאK 

אW
١K Wאאאא

אאאאK 
٢K   W א    

        א  א
אK 

     אא      א  W
Kאאאאא

    א  א א א א    ، 
 K אא א     א א   

אאאKאאא
אאא  א א  Kא א

אאKא
אאאאאאא

 א א  Kא א  א א א   א  
Kאאאאאאאא

אא
אKאאאאאאאאאאא

٠٨}٠א٨٠אא،אאאאאאא
  ٠٨}٠ K א F٣}١ E     א א א

אא(AASHTO) K



٢٠٨אא
אא
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F٣}١EאאאK


אFEא
٢٢}٧٦
٠٧٥}٠٢

٠٠٢}٠٠٧٥}٠
٠٠٢}٠


   א  א  א א  א א 

אאאאKאאאא
א Kאאא

א א א   K  א א    א א 
אאאKאאא

   Kא א א א א  K
אאאא

אאאאK


٣J٤אא
   א א  א א  ٠٧٥}٠ Fא א E

אאFF٣}١KEEאאאW
• אK 
• אאF٣}٢KE 
• אאK 
• אאאK 
•   א  א  א  א   א 

K 
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- ٥٥ - 

F٣}١EאאאK


אאFE
٣٣٥}٦
٤٧٦}٤
٦٣٦}٣
٨٣٨}٢
١٠٠٠}٢
١٦١٩}١
٢٠٨٤}٠
٣٠٥٩}٠
٤٠٤٢}٠
٥٠٢٩٧}٠
٦٠٢٥}٠
٧٠٢١}٠
١٠٠١٤٩}٠
١٤٠١٠٥}٠
٢٠٠٠٧٤}٠
٢٧٠٠٥٣}٠

 
אאאאאאאW

١K אאWD10 
٢K אFCuEאW 

10

60

D
D

C u = 

٣K אF(CcW
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1060

2
30

.
)(

DD
D

C c =

W
D10Wאאא .10% 
D60Wאאא60%אK
D30Wאאא30%אK

אאCcאF٣}٣KE
    א   ٢٠٠ א   א

אK،אאאא
אאאא  K א

אא(Stock’s law) א
אKאאא

א א  אF F٣}٢ KEEא א    
אאאא

אF٣}٣KE
F٣}٣EאאCcK 
א 

 
Cc 

Poorly-Graded)E 


٥

Non-Uniform)E 


٥١٥ 

Well-Graded)E 


١٥ 


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
    F٣}١EK    F٣}٢EאאK

 
           F٣}٣EאאK

 
٣J٥אא

 אאא  אאאא  
Kאאאא،א،אא

אאW
• אא(Solid State)  
• אאF(Semi Solid State 
• אא(Plastic State) 
• אא(Liquid State) 

،אFE 
١٠ ٠٫١ ١ ٠٫٠٠١ ٠٫٠١ 
٠ 

٢٠

٤٠ 

٦٠ 

٨٠

١٠٠ 

،



א




E٪
F

 

D60

D30 
D10 
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אאאא
אKאאא

אאאאאKא
אא??،אאא

W
• אShrinkage Limit: SL)EWאאאא

אאאאK
K 

•  א Plastic Limit: PL) WE  א   א א א 
אאK 

• א Liquid Limit: LL)E W  א      
אK 

 אF٣}٤ Eאא  א   ، א א א אא  
אW

• אPlastic Index: PI)EWאאא
אW 
PLLLPI −= 



• אLiquid Index: LI)EW 
( )

PI
PLwPI −

=



F٣}٤EאאאאאK

W=0
 حالة سيولة حالة لدونةحالة شبه صلبة حالة صلبة

LL PL SL 
زيادة في المحتوى 

 المائي



٢٠٨אא
אא
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אאאאא
 אאאKא١

א٠Kאאא
אK 


٣J٦א

   א   א  אא    א א
א      א    ، א 

  Kא   א    א 
אאאאK

אW
• אא(USC) 
• (AASHTO) 

אאאאאאK


٣J٦J١אא(USC)
אאאאF٣}٣EF٣}٤E

אF٣}٥WE
١K Wאא٢٠٠

٥٠K٪אאW  
 (G)(Gravel) W٥٠٪א٤K 
 (S)(Sand) W٥٠٪א٤K 

 (W)א(Well Graded) K 

 (P)א.(Poorly Graded)

٢K  Wאא٢٠٠
٥٠K٪ אאW 

 (M)(Silt)K 



٢٠٨אא
אא
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 (C)(Clay)K 
 (O)אא(Organic Silt and Clay)K 
 (L)אאא(Fine of low plasticity)K 
 (H)אאאא(Fine of high plasticity)K 

٣K WאאאK
 (PT)א(Peat)K 

 
F٣}٣Eאא (USC). 

 
Classification on 

Basis of  percentage 
of fine 

Classification Criteria 

1060 / DDCM =  Greater than 4 

6010

2
30

*
)(
DD

D
Cc =  Between 2 and 3 

Not meeting both criteria for GW 
Atterberg limits plot 
below “A” line and 
plasticity index less 
than 4 
Atterberg limits plot 
below “A” line and 
plasticity index 
greater than 7 

 
 
Atterberg limits plotting in hatched area 
are borderline classifications requiring 
use of dual symbols 

1060 / DDCM =  Greater than 6 

6010

2
30

*
)(
DD

D
Cc =  Between 1 and 3 

Not meeting both criteria for GW 
Atterberg limits plot 
below “A” line and 
plasticity index less 
than 4 

 
 
 
 
 
 
 
Less than 50% Pass 
No. 200 sieve 
GW, GP, SW, SP 
 
More than 12% pass 
No. 200 sieve 
GW, GC, SM, SC 
 
5% to 12% pass No. 
200 sieve 
Borderline 
classification requiring 
use of dual symbols 

Atterberg limits plot 
below “A” line and 
plasticity index 
greater than 7 

 
 
Atterberg limits plotting in hatched area 
are borderline classifications requiring 
use of dual symbols 
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אא
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F٣}٤Eאא(USC)K
 

Classification on 
Basis of  percentage 

of fine 

Classification Criteria 

1060 / DDCM =  Greater than 4 

6010

2
30

*
)(
DD

D
Cc =  Between 2 and 3 

Not meeting both criteria for GW 
Atterberg limits plot below 
“A” line and plasticity index 
less than 4 
Atterberg limits plot below 
“A” line and plasticity index 
greater than 7 

 
 
Atterberg limits plotting in 
hatched area are borderline 
classifications requiring use of 
dual symbols 

1060 / DDCM =  Greater than 6 

6010

2
30

*
)(
DD

D
Cc =  Between 1 and 3 

Not meeting both criteria for GW 
Atterberg limits plot below 
“A” line and plasticity index 
less than 4 

 
 
 
 
 
 
 
Less than 50% Pass 
No. 200 sieve 
GW, GP, SW, SP 
 
More than 12% pass 
No. 200 sieve 
GW, GC, SM, SC 
 
5% to 12% pass No. 
200 sieve 
Borderline 
classification requiring 
use of dual symbols Atterberg limits plot below 

“A” line and plasticity index 
   greater than 7 

 
 
Atterberg limits plotting in 
hatched area are borderline 
classifications requiring use of 
dual symbols 
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        F٣}٥Eאא،א(USC)K 
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٣J٦J٢(AASHTO)
אאאA-1)  (A-7 

אF٣}٥WE 
F٣}٥Eא(ASSHTO) K

 
                                                                                                                                                                      
General Classification                     Granular Materials (35% or less passing No.200)      

                                                                    A-1                                            A-2        
Group Classification                     A-1-a         A-1-b       A-3         A-2-4    A-2-5     A -2-6     A-2-7      
     
Sieve analysis, percent passing 
    No.10 (2.0 mm)                              50 max           -                 -              -             -              -              -     
    No.40( 0.425mm)                           30max.       50max.      51max.        -             -              -              - 
    No. 200(0.075)                               15max.       25max.      10max.    35max.    35max.   35max.   35max.       
Characteristics of  fraction passing  
    No.40 
    Liquid limit                                     -                                       -         40max.    41min.    40max.    41min.     
    Plasticity index                                       6max.             N.P.             10max.    10max.    11min.    11min.     
Usual types of significant              Stone fragments,      fine sand,               Silty or clayey gravel and sand            
Constituent materials                     gravel and sand   
General rating as subgrade                                           Excellent to good   
   
                                            
 

           
 

 
General Classification                                                   Silt-Clay (more than 35% passing No.200) 
         
                                                                                                                                           A-7 
Group Classification                                                              A-4         A-5        A-6       A-7-5,  A-7-6     
 
Sieve analysis, percent passing 
    No.10 (2.0 mm)                           
    No.40( 0.425mm)                        
    No. 200(0.075)                                                                          36min.    36min.     36min.        36min. 
Characteristics of  fraction passing  
    No.40 
    Liquid limit                                                                              40max.     41min.      40max.      41min. 
    Plasticity index                                                                        10max      10max.      11min.      11min. 
Usual types of significant                                                               Silty soils                  Clayey soils 
Constituent materials                           
General rating as subgrade                                                             Fair to poor    
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•  אA-1 ،A-2 ،A-3 W א     
٢٠٠א٣٥K٪ 

• אA-4،A-5،A-6، A-7Wא
א٢٠٠٣٥K٪ 

(AASHTO)אאאאאK


٣J٧א
אאאאאאאא

 א K  א א א  א    Kא  
אאאאאאאא

א אאא Kאאא 
אW

١K אאאK 

٢K אאאK 

٣K אאCBR)EK 

אא  א   
אאאאK


٣J٧J١אאא

אאאאאF٣}٦E
אא Kאא٦٠x

٦٠x٢٠א٣٠٠x٣٠٠x١٠٠Kאאאא
אאאW

• אאאK 

• אK 

• אאאאאK 



٢٠٨אא
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• אאאאאאאאK 

• אאאאא
אK 

• אאאאאF٣}٧KE 




F٣}٦EאאK


א"C"אאאא"φ"א(Column) 

אW
ϕστ tan+= C

W

τW؛א

:C؛א

σW؛אא 

φWאאאאK
 

  المتحركالجزء العلوي

تربةعينة ال

قوة شد

ضغط رأسي

 الجزء السفلي الثابت

العينة بعد القص
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
F٣}٧EאאאאFאאאKE


٣J٧J٢אאא

אאאאאאא
אKאאאאאא

  א  אא      אא   
F٣}٨KKEאאW

• אאאK 

• אאאK 

• אאאאא
אאאא،אK 

• אאאאאא
אאאK 

• אא(Mohr circles) אF٣}٩KE 

א"C"אאאא"φ"אW
ϕστ tan+= C

 

 

 قوة القص

 الضغط الرأسي

عينة طينية

عينة رملية

عينة طينية رملية

φ 

φ 

قوة تماسك
     C 



٢٠٨אא
אא
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
                        F٣}٨EאאאK 

 


    F٣}٩EאאאאFאאאKE

ضغط رأسي

العينة بعد القصالعينة ضغط جانب

 نبياجالالضغط العمودي والضغط 

C 

φ

 قوة القص



٢٠٨אא
אא
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٣J٧J٣אאאCBR)E
      א א CBR: California Bearing Ratio)E

אאאKאאאא
אא K אא Kאא

FEאאאKאאאא
אW

•    א   F ٢}١٥ א ٨}١٧ E  ٥٣}٤
א٨}٤٥FF٣}١٠KEE 

• אאאאאאאאK 

• אא   א א         א  א 
אאK 

• אא٢٥}١LאאW٥}٢،٥،٥}٧،١٠،
٥}١٢FF٣}١٠KEE 

• א–אF
F٣}١١KEE 

•  א א  CBR)E אא א ٥}٢א  א   
א٥אW 

   CBR)EF Z E٪Fא א א ٥}٢  E÷Fא א
א٥}٢אאEx١٠٠



F٣}١٠EאאאאאאאK



٢٠٨אא
אא
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


                    F٣}١١EאK


٣J٨אאאא

אאאאאא
אKאאא

אאK

אאאאאא
אא Kא אאאא

א  א א Kא   א      
א K א     א  א    א א

אאאאאאאאK



٢٠٨אא
אא
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٣J٨Jא١א(Standard Proctor Test)  
אאאאF٣}١٢KE




                           F٣}١٢EK


אאW
 אא٢}١٠א٦}١١אאא٦K
 אא٤٩}٢א٥}٣٠K 

אאאאאW
• אאאK 
• אאאאFwKE 
• אא٢٥אאK 
• אאאFγhEK 

• אאFγdEאW)1( +
=

w
h

d
γ

γ

• אאאאאK 
• אאאאאאF٣}١٣KE 

אFwJγdEאאאאאאK 
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
F٣}١٣EאK


٣J٨J٢אא(Modified Proctor Test) 

אאאאאא
אא א אא  Kאא א

 א א (AASHTO)  א  א א  א
   Kאאא א   א א

אW
• אZ٥٤}٤K 
• אאZ٧}٤٥K 
• א٥K 

אאאאאאא
 א א א א  א   ،   א  א

 אאאא א א K אF٣}١٤ E א 
אK

،אאE٪F

،


א



א

(k
g/

cm
3 )

 

0 5 10 15 20 
1.60

1.70

25 

1.80

1.90 אאא

אאא



٢٠٨אא
אא
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


   F٣}١٤EאאאK 


٣J٩אא 
Wאאאאא

١KאאWאאאאאW
• אאאאאFF٣}١٥WEEאאא

 א F٨١٢Eאאאא
אאאאאאK

אאK 
• אא אא אF F٣}١٦ WEE  א   

אא
٢٠٠אאאK 

• אא F F٣}١٧ WEE אא    א א 
אאא  K

אאKאאאא
אאאאאאK 

،אאE٪F

אא

אא 

،


א



א

(k
g/

cm
3 )

 

0 5 10 15 20 
1.60

1.70

25 

1.80

1.90 
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٢ Kאאאא  W אא א  א
אKאאאאאא

אאאאאאK


F٣}١٥EאאאאאK


F٣}١٦EאאאאאK


F٣}١٧EאאK 

٣J٩J١אאא
אאאאאא

אאאאאאW
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

100.
)(

(%)
maxd

d
comp

situin
I

γ
γ −

=

W
IcompWא(%)K

γd (in-situ)Wאאא(g/cm3)K
γdmaxWאאאא(g/cm3)K 

א א  א א א  א  א   א  
אא90%100% K א א א 

אאW 


٣J٩J٢אא
א אא אאא 

א Kאא
אFאEאF٣}١٨KEאא

אאW
• אאאאאאK 
• אאאFheEFwKE 
• אאאF٣}١٨KE 
• אאאאאאK 

• אאFγdEW)1( +
=

w
h

d
γ

γ 
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
F٣}١٨EאאK


٣J٩J٣אאא

אאאאאא
אאKאאאא

אאאK


٣J١٠אא 
 א         א  

    א א K       א א 
 א  F٣}١٩ E  א א      א  

אאאאאאאK
אאאK 


٣J١٠J١אא
     א   א אא K

   א א א   א  א א א א
אK

 حفرة مملوءة بالرمل

رمل جاف

 مخروط معدني
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


F٣}١٩Eאאא

٣J١٠J٢א
אאאאא

אאאKאאאאא
אאאאKאאא

אאאאאאא
אKאאאאאW
• ؛
• אאאאאאאאא؛
• א٢٥٪א؛٪٦
• אא٢٠٠؛٪١٠
• א؛٪٥٠
• אK 

٣J١٠J٣א
א א א א    א א א   א 

א א אא א Kא 
אאאאאאK

אאאאW
• אאאאאאK
• K

طبقة الأساس

 طبقة ما قبل الأساس

طبقة التربة الأصلية

 طبقة السطح



٢٠٨אא
אא
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• א٢٥٪א٦K٪
• א٥٠K٪

٣J١١אא 
 א  א    א א    א  

  א      א אא   א  ،א 
אאF٣}٢٠KE


F٣}٢٠EK 

אאאאאאא
אאאKאאאא

אKא
אאאא

אאאאK
٢W٣אאאאאאאא

FWEאא٦Kא
אאאאKא٥٠

٦٠K
 

جسر

 قطع



 

 

 

אא  

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א
 

٤



٢٠٨אאא
אא
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אאW
אאאאאאאא

אאאא،אאאK


אאW
אאאאאW

• אאאאאאK
• אאאאK 
• אאאאאאאאK 
• אאאאאאK 
 

אאאWאאא١٠٠٪


אאאאW٨


אאW
אא  אאא  

אK



٢٠٨אאא
אא
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٤J١
אאאאאאא

אאאאאK
  א א      אא א    K

  א  א   א אא    א  
אאאא Kא

אאאאאאK


٤Jא٢אא
אW

١K אא(Flexible Pavement) 
٢K אא (Rigid Pavement)  

אאK


٤J٢J١אא
אא   אא אא א אא 

א א       א    ،א 
אאאאF٤}١Eאאא

אK
אאאאא

אאאאK
אאאאא

אאאFF٤}٢KEE




٢٠٨אאא
אא
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
F٤}١Eאא



 
F٤}٢EאאK 


٤J٢J٢אא

  אאא 
١٥٣٠אאKא

א٥א٣٠
א٣٠٠אאאKאאא

אאאא
אאא Kאאאא

אא א א  א א א K א  א  
אאאK 

א



 الأصليةאطبقة 

א 



٢٠٨אאא
אא
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،אאאאאאא
אאאKאאאא

אאאאאא،אK


٤J٣א
אאאW

١K אאK 
٢K אאאאאאK 
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אאאאאא
W
• אW
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
• אאא

אF٤}٤E(d/2)א
    א   ،א    K  (2S)

אאאאאKאא
     (2S)  א  א 

(2p)K 
 


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 KאאאA(p, d)B(2p, 2S)א •
• אABK 
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٤J٣J٢אא
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: tאFE،
:PאאFKE
: pאF /٢KE
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
                      F٦}٤E א(CBR)א 

W
אאW

- CBRאZ٥٪
- PZ٤٠٨٢ 
- = p ٧  /٢ 
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:T1אK
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אאאא

FE
٢٣٣٠
٣١٠٧٠
٤٢٤٦٠
٥٤٦٢٠
٦٣٠٤٠


٤J٥אא  

אאא،א
אאאK

  א (Westergard)א      א א
אאאאאW

∆
=

pK
W

∆Wאא 0.125 KK
:KאF /٣KE
:pאאאאF /٢KE
     א א 

 א א א  Kא א א א א א
אא אאאW

( )
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אא

 
 

- ٨٦ - 

W
:lאאFE(Radius of Relative Stiffness)K 

:EאאF /٢KE
uWא(Poisson’s Ratio)  Z0.15 

:h אFKE
:KאF /٣KE 

W
אאא٢٠W

- EאZ٢١٠٠٠٠ /٢K
- uZ0.15 
- KZ٢ /٣ 


אW
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
٤J٥J١אא

 א  (Westergard)א  א א א
אW

١K אאאW 

⎥
⎦

⎤
⎢
⎣

⎡
+⎟

⎠
⎞

⎜
⎝
⎛= 069.1log4316.0

102 b
l

h
PSi

٢K אאW 
 

⎥
⎦

⎤
⎢
⎣

⎡
+⎟

⎠
⎞

⎜
⎝
⎛= 359.0log4316.0

102 b
l

h
PSe 
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٣K אאW 
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⎡
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⎝

⎛
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6.0

2
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l
a

h
PSc

W
Ss, Se, ScWאאאא،אאאאF /٢KE

:h אFKE
:PאאFKE
:aאאFKE
 :lאאFKE
bWאאFKE

אאאאאW

hhab 675.06.1 22 −+=
   א א א   א  (Pikett)

אאאW

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
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⎣
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+
−=

l
a

l
a

h
PSc

22.0925.0
12.4

2

W
אאאאאאW

- אאPZ٤٠٨٠
- אאEZ٢١٠٠٠٠ /٢ 
- אhZ٢٠ 
- אuZ0.15 
- אKZ٢ /٣ 
- אaZ١٥ 
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אW
- אאW 
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- אאW 
 

cm

hhab

35.7120675.0)20()15(6.1

675.06.1
22

22

=×−××=

−+=



- אאאאW 
 

2
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92log4
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069.1log4316.0

cmkg

b
l

h
PSi

=

⎥
⎦

⎤
⎢
⎣

⎡
+⎟

⎠
⎞

⎜
⎝
⎛×

×
=

⎥
⎦

⎤
⎢
⎣

⎡
+⎟

⎠
⎞

⎜
⎝
⎛=

 

- אאאW 
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- אאאW 
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
٤J٦אאאא

א אא א    א א  K  א
א    א  א     א K

   אא א    א    א אא 
אKא

אKאאאאא
אאאK


٤J٦J١אא

אאא
 K אא   אא 

א  א א א K    א  א  
אK 

٤J٦J٢אא
 א א  א  א א  א  

אא١٥٠٢٠٠Kאאא١٢٠١٤٠
Kאאאאאאא

     F      Eא   
W .MC-70, RC-300, SC-200אאW



٢٠٨אאא
אא

 
 

- ٩٠ - 

- RCWאJ:MCאJ:SCא 
RC-300א٣٠٠Kאא

א אאאאא
אK


٤J٦J٣אאFאE
אא

אא١٠٠١٣٠Kאאאאאא
אאאאK


٤J٦J٥אא

אאאאאKאאאא
אאאאאK


٤J٦J٥א

אאאאאאW
• א Wאאא

אK
• אWאא

אאK
• אאWאאאא

אאאאK
،אאאאאאא

אאאK
 



٢٠٨אאא
אא
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٤J٧אאאאא
אW
• א؛
• אא؛
• אא؛
• אא؛
• א؛
• אא؛
• אא؛
• א؛
• אK 

٤J٨אאא
אאאאאא

א א  א א א  א    א א אK
אאאאאאא

אW
• אאW٩٣٩٦٪
• אאאW٤٧٪ 

א  א אא  א  א  א  א K
אאאאא

אאאK 

٤J٩אא 
٤J٩J١אאא

אאאאאאא
אKאאאאאאא٥}٢

   א  ،א  ،א  ،، 
K



٢٠٨אאא
אא
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٤J٩J٢א
אא،אאאאאאאא

    א א    א   K א א
אאK

٤J٩J٣א 
אאאאאK

٤J١٠אא
    א א א    א א

Kא
Wא،אאאאKאאא

• אW٥}٢٥K
• אW٢٥}١٧٥}١K

א  א א       א  
אאאK

٤J١٠J١אאא
 א  א       א א  

אאאא،אK 
אאאאאW
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W
GaWאאאאK

:w1, w2, w3אאאאאאFKE
:G1, G2, G3אאאאאאאK

אאאFאHאEאאW
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W
GtWאאאאK

:wbאFKE
GbWאאK

 
٤J١٠J٢אא

אאאאאאאאאW

t
t G

G100
=γ

W
γtWאאK
GWאאאאK 


٤J١٠J٣אא 

אאאאאW

aw
GVMA −= 100 

W
VMAWאאאK

:waאFKE
אאאאאW

( )
VMA

VVMAVFB a−
= .100

W
VFBWאאאK
VMAWאאאK
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אא  
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אא
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אאW
אאאאאאא

אא،אאK


אאW
אאאאאW

• אאאK 
• אאאK 
• אאאאאK 
• אאאאK 
 

אאאW
אאא٩٥٪


אאאאW

٤


אאW
אאאK 
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אא
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٥J١
    א   א   א 

א   Kאאא א
אאאאאאא

 א א  א Kא     א א   א 
אאאאאK

٥J٢אא
אW

١K ؛אא 
٢K אאאK 

א W
١K אאאאאK 
٢K אאאאאאאאאK 

٥J٣א
אאאא

א אאאא א אא
אאKאא

א  א         אא Kא 
אאאא

אאFF١}٥KEE
٥J٤אא

א א    א אא   א א  
 K   א א    א  K א  

אאאאאאאאא
אאאאKאאW





٢٠٨אא
אא
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٥J٤J١א
אאאאאאא

א   א  א     K א   
אאאאK 

٥J٤J٢א
אאאא

א א  א   א    K   א
אאאK



 
FE 



٢٠٨אא
אא
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
FEא

 

 
FEאא 

F٥}١EאאאאK 



٢٠٨אא
אא
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٥J٤J٣אא
אאאאK

٥J٤J٥א
אאאאאא

  א א א א  א א א א  K
אאאאאאאאא

KאאW
• אאאאK
• אאאאאאא

אאאF٥}٢KE
• אFF٥}٢KE 


FEאאאאKFEK






٢٠٨אא
אא

 
 

- ١٠٠ - 

FEאFKEאא


FEאאKFEאK




FEFKEK

F٥}٢EאאK


٥J٤J٥אאאא
אאאאאK 

٥J٥אאא 
אאאאא

אFF٥}٣KEE
א     א א  א  אא א 

        אא א אאא  K 
א א א    אא  א

אא      א K א א א 



٢٠٨אא
אא
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אאאאאא
،אאK




F٥}٣EK

٥J٦אאא 
אאאW 

• ؛אא
 א؛ •
אא؛ •
א؛ •
א؛ •
• אאK



٢٠٨אא
אא
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 א א  א  אאא   א 
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٢J١٢J٢א  ٤١ 

٢J١٢J٣א  ٤١ 

٢J١٢J٤א ٤٥ 

٢J١٢J٥אאא ٤٧ 

٢J١٢J٦אאאא ٤٧ 

٢J١٢J٧אאא ٤٨ 

אאWא  

٣J١٥٢ 

٣J٢אא ٥٢ 

٣J٣א ٥٢ 

٣J٤אא ٥٤ 



٢٠٨א
א

 
 

 

٣J٥אא ٥٧ 

٣J٦א ٥٩ 

٣J٦J١אא(USC) ٥٩ 

٣J٦J٢(AASHTO) ٦٢ 

٣J٧א ٦٣ 

٣J٧J١אאא ٦٣ 

٣J٧J٢אאא ٦٥ 

٣J٧J٣אאאCBR)E ٦٧ 

٣J٨אאא٦٨ א 

٣J٨Jא١א  ٦٩ 

٣J٨J٢אא  ٧٠ 

٣J٩אא ٧١ 

٣J٩J١אאא ٧٢ 

٣J٩J٢אא ٧٣ 

٣J١٠אא ٧٤ 

٣J١٠J١אא ٧٤ 

٣J١٠J٢א٧٤ 

٣J١٠J٣א ٧٥ 

٣J١١א٧٥ א 

אאאW א  

٤J١ ٧٨ 

٤J٢אאא ٧٨ 

٤J٢J١אא ٧٨ 

٤J٢J٢אא ٧٩ 

٤J٣א ٨٠ 

٤J٣J١אא ٨٠ 

٤J٣J٢אא ٨٢ 



٢٠٨א
א

 
 

 

٤J٤אא ٨٣ 

٤J٤J١אא(CBR) ٨٣ 

٤J٤J٢א ٨٤ 

٤J٥אא   ٨٥ 

٤J٥J١אא ٨٦ 

٤J٦אאאא ٨٩ 

٤J٦J١אא ٨٩ 

٤J٦J٢אא ٨٩ 

٤J٦J٣אאFאE ٩٠ 

٤J٦J٥אא ٩٠ 

٤J٧אאאאא ٩١ 

٤J٨אא٩١ א 

٤J٩אא ٩١ 

٤J٩J١אא٩١ א 

٤J٩J٢א ٩٢ 

٤J٩J٣٩٢ א 

٤J١٠א٩٢ א 

٤J١٠J١אאא ٩٢ 

٤J١٠J٢אא ٩٣ 

٤J١٠J3אא ٩٣ 

אאWא  

٥J١٩٥ 

٥J٢אא٩٦ 

٥J٣א٩٦ 

٥J٤אא٩٦ 

٥J٤J١א٩٧ 

٥J٤J٢א٩٧ 



٢٠٨א
א

 
 

 

٥J٤J٣אא٩٩ 

٥J٤J٥א٩٩ 

٥J٤J٥אאאא ١٠٠ 

٥J٥אאא ١٠٠ 

٥J٦אאא ١٠١ 

٥J٧אאא ١٠٢ 

٥J٨אא ١٠٢ 

אא١٠٣ 
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





אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 
 


