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TRANSPORTATION

U.S. Customary Units
a = deceleration rate (ft/sec2)
A = absolute value of algebraic difference in grades (%)
e = superelevation (%)
f = side friction factor
± G = percent grade divided by 100 (uphill grade "+")
h1 = height of driver’s eyes above the roadway surface (ft)
h2 = height of object above the roadway surface (ft)
L = length of curve (ft)
Ls = spiral transition length (ft)
R = radius of curve (ft)
S = stopping sight distance (ft)
t = driver reaction time (sec)
V = design speed (mph)
v = vehicle approach speed (fps)
W = width of intersection, curb-to-curb (ft)
l = length of vehicle (ft)
y = length of yellow interval to nearest 0.1 sec (sec)
r = length of red clearance interval to nearest 0.1 sec (sec)
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Transportation Models

See INDUSTRIAL ENGINEERING for optimization models and methods, including queueing theory.
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Vertical Curves: Sight Distance Related to Curve Length

S ≤ L S > L

Crest Vertical Curve

   General equation: 

h1 = 3.50 ft and h2 = 2.0 ft:
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Sag Vertical Curve

 (based on standard headlight 
criteria)
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Sag Vertical Curve 

(based on adequate sight distance 
under an overhead structure to see an 
object beyond a sag vertical curve) 

C =  vertical clearance for overhead structure (overpass) located within 200 
feet of the midpoint of the curve 
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Standard Criteria:

Horizontal Curves 

Side friction factor (based on superelevation) 
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C = rate of increase of lateral acceleration 
 [use 1 ft/sec3 unless otherwise stated] 

Sight Distance (to see around obstruction) 
HSO = R 28.65
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HSO = Horizontal sight line offset

( )[ ]



164 CIVIL ENGINEERING

Horizontal Curve Formulas

D = Degree of Curve, Arc ���������
PC = Point of Curve (also called BC)
PT = Point of Tangent (also called EC)
PI = Point of Intersection
I = Intersection Angle (also called Δ)
  Angle Between Two Tangents
L = Length of Curve, from PC to PT
T = Tangent Distance
E = External Distance
R = Radius
LC = Length of Long Chord
M = Length of Middle Ordinate
c = Length of Sub-Chord
d = Angle of Sub-Chord
l = Curve Length for Sub-Chord
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LATITUDES AND DEPARTURES



 
 
                                                       

 
 
 
 
 
 



 

 
 
 
 





 

Dilemma Zone:       
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Intersection Operation: 
     

( ) l - ARY +G  = reenEffectiveG +  
                          
 

( )G Y AR l
lane capacity s

C
+ + −

= ×  

3600

s

s
h

=  

 
 
 
Signal Timing: 

s = s0
1+ PT  
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LOS: 
FFS  = 75.4 – flw – flc – 3.22TRD0.84   
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D = vp / S 
 
 
vp = DDHV

 N x PHF x HVf  x Pf



 

                                           PCE by Type of Terrain 
Vehicle Level Rolling Mountainous 

Trucks and buses, ET 1.5 2.5 4.5 
RVs, ER 1.2 2.0 4.0 

 

 Lanes in One Direction 
Right-Side 

Lateral 
Clearance (ft) 

2 3 4 5 

≥ 6 0.0 0.0 0.0 0.0 
5 0.6 0.4 0.2 0.1 
4 1.2 0.8 0.4 0.2 
3 1.8 1.2 0.6 0.3 
2 2.4 1.6 0.8 0.4 
1 3.0 2.0 1.0 0.5 
0 3.6 2.4 1.2 0.6 

*values in table above are for fLC in mi/hr 
 

Average Lane Width (ft) Reduction in FFS, fLW (mi/h) 
≥ 12 0.0 
≥ 11-12 1.9 
≥ 10-11 6.6 



 
 
 
 
 
 
 
 
 

 
 
 
 



 
 
 
 
 

 




