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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) 
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T = Tangent length (PC to PI and PT to PI) 
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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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F٢}٧Eאאאאא(AASHTO)K
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F٢}١٥Eאאא

אאאאאW

אא אא 
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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אKאאאאW
٢J١٢J٣א(Stopping Sight Distance: SSD)

אאא
א،אאאW

١K א(S)אאאאKא
אאאאא٥}٢،W 

VS 5.2= 
W 

:SאFKE

 :VאFLKE

٢K א (d)W 

 W 

fg
Vd
2

2

= 

W
 :dאFKE

gWאאFLKE
:VאFLKE

fWאאאF٤}٠KE



٢٠٨אא
אאא

 
 

- ٤١ - 

 W

( )Gf
Vd

±
=

254

2

 

W

:Gאא١٠٠K

(SSD)אא
אW

dSSSD +=


• W 

fg
VVSSD
2

5.2
2

+=


• אW 

( )Gf
VVSSD

+
+=

.254
5.2

2




• אW 

( )Gf
VVSSD

−
+=

.254
5.2

2



 
אאאאא

(2SSD)KאF٢}٨EF٢}٩Eאאא
(AASHTO)אאאאK







٢٠٨אא
אאא

 
 

- ٤٢ - 

F٢}٨EאאאK
אאF/אE
 

א אFE 

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 
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א אFE 

48 0.62 48 
64 0.60 72 
80 0.58 100 
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120 0.54 190 
128 0.53 212 
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٢J١٢J٤א(Passing Sight Distance: PSD)
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F٢}١٦KE
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S S 

 العربات في الوضع النهائي: ’A, B, C A’, B’, C في الوضع الأوليعرباتال: 
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D60Wאאא60%אK
D30Wאאא30%אK
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    א   ٢٠٠ א   א
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    F٣}١EK    F٣}٢EאאK

 
           F٣}٣EאאK

 
٣J٥אא

 אאא  אאאא  
Kאאאא،א،אא

אאW
• אא(Solid State)  
• אאF(Semi Solid State 
• אא(Plastic State) 
• אא(Liquid State) 
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אאאא
אKאאא

אאאאאKא
אא??،אאא

W
• אShrinkage Limit: SL)EWאאאא

אאאאK
K 

•  א Plastic Limit: PL) WE  א   א א א 
אאK 

• א Liquid Limit: LL)E W  א      
אK 

 אF٣}٤ Eאא  א   ، א א א אא  
אW

• אPlastic Index: PI)EWאאא
אW 
PLLLPI −= 



• אLiquid Index: LI)EW 
( )

PI
PLwPI −

=



F٣}٤EאאאאאK

W=0
 حالة سيولة حالة لدونةحالة شبه صلبة حالة صلبة

LL PL SL 
زيادة في المحتوى 

 المائي
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  Kא   א    א 
אאאאK

אW
• אא(USC) 
• (AASHTO) 

אאאאאאK


٣J٦J١אא(USC)
אאאאF٣}٣EF٣}٤E

אF٣}٥WE
١K Wאא٢٠٠

٥٠K٪אאW  
 (G)(Gravel) W٥٠٪א٤K 
 (S)(Sand) W٥٠٪א٤K 

 (W)א(Well Graded) K 

 (P)א.(Poorly Graded)

٢K  Wאא٢٠٠
٥٠K٪ אאW 

 (M)(Silt)K 
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 (C)(Clay)K 
 (O)אא(Organic Silt and Clay)K 
 (L)אאא(Fine of low plasticity)K 
 (H)אאאא(Fine of high plasticity)K 

٣K WאאאK
 (PT)א(Peat)K 

 
F٣}٣Eאא (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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F٣}٤Eאא(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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fine-grained soils and 
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        F٣}٥Eאא،א(USC)K 
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٣J٦J٢(AASHTO)
אאאA-1)  (A-7 

אF٣}٥WE 
F٣}٥Eא(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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