
Geometric design deals with

1- Cross section elements

2- sight distance considerations

3- Horizontal alignment details

4- Vertical alignment details

5- Intersection elements



Sight Distances



Definition

The distance that a driver can see 

ahead at any specific time

Must allow sufficient distance for a 

driver to perceive/react and stop, 

swerve etc when necessary

ر حتى يتم تصميم طريق تتوافر فيه عناصر الأمان يجب أن تتواف

فيه مسافة رؤية واضحة أمام السائق على الطريق حنى يتمكن 

من تجنب الاصطدام بعوائق غير متوقعة وكذلك تمكنه من تخطى 

السيارات البطيئة أمامه فى حالة الطرق الغير مقسمة 



Objectives

Know different types of sight 
distance and important 

determinants



Important Sight Distances

1. Stopping or Absolute min. sight distance

(SSD) = Object in a roadway

1. Safe overtaking or Passing sight distance 

(PSD) = Pass slow vehicles

1. Safe sight distance for entering uncontrolled 
intersections



Criteria for Sight Distance

 Driver eye height:  for passenger 
vehicle’s = 3.5 ft above surface

 Height of object in roadway = 2 feet 
(SSD) Height of opposing vehicle = 3.5 
feet (PSD)
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Stopping Sight Distance

أقل مسافة من طول الطريق يمكن للسائق أن يوقف فيها سيارته 

قبل الاصطدام بهدف ثابت أو متحرك ظهر له فجأة ويتكون مدى 

:  الرؤية من مسافتين

1- Perception/Reaction Distance (PRD)
مسافة الاستيعاب وإتخاذ القرار

2- Braking Distance (BD)
مسافة الفرملة



v – design speed, mph;

t – perception & reaction time, 2.5 s

d1 - ft

vtd 47.11 

Perception reaction distance:     

ها المسافة التى سارتها المركبة أثناء الفترة الزمنية التى إستغرق

السائق فى إستيعاب الموقف وفهمه وإتخاذ القرار بالوقوف 

المفاجئ



AASHTO Green Book

 AASHTO GB recommends 2.5 seconds, 
this is adequate for conditions that are 
more complex than the simple 
conditions used in laboratory and road 
tests.



PIEV Theory

According to this theory, the total reaction 
time of the driver is split into four parts, 
viz, time taken by the driver for:

 Perception     (إدراك حسى)

 Intellection (الفكر)

 Emotion                          (إحساس/إنفعال)

 Volition (إختيار/إرادة )
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Stimulus(  المؤثر/الدافع( Response(  رد الفعل/الإستجابة(



the distance required to stop after 

brake activation

Braking distance:

المسافة التى تقطعها المركبة منذ لحظة الضغط على الفرامل 

:وحتى وقوف المركبة وتتأثر بالعوامل الآتية

معامل الاحتكاك بين سطح الأسفلت وإطارات المركبات•

سرعة المركبة المتوسطة•

•(Gradient) ميل الأرض



Diagram
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Deceleration rate: AASHTO: 11.2 ft/s2

Deceleration is within capability of drivers 

to stay within their lane and control the 

vehicle when braking on wet surfaces 

and is comfortable for most drivers

in emergency
“a” may be larger than 14.8 ft/s2.

AASHTO Green Book



Braking distance: (cont…)    

f
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the distance required to stop after 

brake activation

v – design speed, mph;

f – Coefficient of friction
d2 - ft



Typical values for friction 

Values of friction vary widely with road surface 
type, age, condition.  Examples:

Surface type f (or a/g)

Concrete pavement -dry 0.60 to .75

Concrete pavement – wet 0.45 to .65

Asphalt pavement 0.55 to .70

Gravel 0.40 to .70

Ice 0.05 to .20

Snow 0.30 to .60



Typical values for friction 

V (mph) 20 25 30 35 40 45 50 55 60 65 70

f 0.4 0.38 0.35 0.34 0.32 0.31 0.3 0.3 0.29 0.29 0.28



SSD Equation
SSD = 1.47vt +   _____v2_____

30({a/g} ± G)

SSD     in feet

u speed in mph (may also see “v”)

t perception/reaction time (in seconds)

a assumed deceleration rate (ft/sec2)

g gravitational force (32.2 ft /sec2)

G gradient in ft/ft

a/g          f ( Coefficient of friction)



for design: (G=0.0%)  

Source: Green book, pp. 112



G: Grade in percent

Inside GB equations of SSD:

Used: passenger car, object height: 2 ft., eye-height: 3.5 ft.

Truck: high eye-height compensate lower acceleration/deceleration rate, no 

Separate design needed except for downgrade condition.

Effect of Grade on SSD – adjust d2 only:



Source: Green book, pp. 115

for design: on grades  



SSD Example
Use basic assumptions to determine SSD  at 60 mph on 

a) 0% grade,        b) 3% grade 

SSD = 1.47 V (2.5 sec) +  ________V2________
30({11.2/32.2} + 0.00)

SSD = 220.5 +  345.5  = 556 ft

(compare to table 3-1 in GB – See next slide)

On a +3% grade,   SSD = 220 +318 = 538 ft



Stopping (emergency) 
– SSD (Table 3-1)

Source: A Policy on Geometric Design of 

Highways and Streets (The Green Book). 

Washington, DC. American Association of 

State Highway and Transportation Officials, 

2001 4th Ed.



SSD Example
Given: Available Sight distance = 430’ on a +3% grade

Find maximum speed if perception reaction time is 

assumed to be 2.5 seconds 

430 feet = 1.47 V(2.5 sec) +  ________V2________
30({11.2/32.2} + 0.03)

430 feet = 3.68 V +  ________V2________
30(0.378)

Solving for V,   V = 52.0 mph  (Set speed at 50 mph)



 A motorist traveling down a grade of 
5% on a highway observes an 
accident at a distance of 635.5ft 
ahead of him involving an overturned 
truck that is completely blocking the 
road. He also read a warning sign at a 
distance of 500 ft from the truck. If 
the motorist was able to stop his 
vehicle 30 ft from the overturned 
truck, what was the travel speed 
when the driver first reacted with the 
accident?  (Use t= 2.5 sec and f = 
0.3). 



Passing Sight Distance

إن التصميم الجيد لابد ان يوفر مسافات كافية على طول الطريق  

لتمكين المركبات المسرعة من تجاوز المركبات البطيئة التى 

تسير فى إتجاهها وتتكون مسافة الرؤية للتجاوز من مجموع 

:  المسافات الآتية



Two phase passing maneuver 

d1 1/3d2

d2
d3 d4d1

2/3d2

Source: Green book, pp. 119



- مسافة إستيعاب الموقف وإتخاذ القرار والانتقال إلى الحارة العكسية- d1

المسافة التى تحركتها العربة المتجاوزة خلال الحارة المقابلة العكسية- d2

مسافة الخلوص بين المركبتين بعد إتمام عملية التجاوز - - d3

المسافة التى تحركتها العربة المقابلة فى الاتجاه المقابل أثناء عملية المناورة- d4



Source: A 

Policy on 

Geometric 

Design of 

Highways and 

Streets (The 

Green Book). 

Washington, 

DC. American 

Association of 

State Highway 

and 

Transportation 

Officials, 2001 

4th Ed.



1. Vehicle being passed travels at uniform speed
2. Speed of passing vehicle is reduced behind 

passed vehicle as it reaches passing section
3. Passing vehicle accelerates during the passing 

maneuver and velocity of the passing vehicle is 
10 mph greater than that of the passed vehicle

4. Enough distance is allowed between passing 
and oncoming vehicle when the passing vehicle 
returns to its lane

Assumptions



Passing Sight Distance

Dpassing = d1 + d2 + d3 + d4

d1 = distance traveled during P/R time to point where 
vehicle just enters the left lane

d1 = 1.47t1(v – m + at1)
2

where
t1 = time for initial maneuver (sec) (from 3:5 sec.)
V = average speed of passing vehicle (mph)
a = acceleration (mph/s)
acceleration rates range from 1.40 to 1.5 mph/sec

m = difference between speeds of passing and 
passed vehicle ( 10 mph)



Passing Sight Distance

Dpassing = d1 + d2 + d3 + d4

d2 = distance traveled by vehicle while in 
left lane

d2 = 1.47vt2

where:
v = speed of passing vehicle (mph)
t2 = time spent passing in left lane (sec) 
(from 9:11 sec. = 10 sec. as avge.)



Passing Sight Distance

Dpassing = d1 + d2 + d3 + d4

d3 = clearance distance varies from 110 to 300 feet

d4 = distance traveled by opposing vehicle during 
passing maneuver

d4 usually taken as 2/3 d2



Source: Green book, pp. 120



Source: Green book, pp. 124



Important Sight Distances 
(cont.)

Intersection (turning/crossing)-

Crossing RR



 Crossing RR 

 Stop, 
proceed, 
proceed from 
stop





What are the key variables?



Key issues in safe crossing

Speeds
Distance from front of vehicle to driver’s eye
Distance from rail to front of vehicle
Assumptions about PR time and braking distance
Width of crossing
Distance from end of vehicle after crossing
Length of vehicle
Acceleration capability of road vehicle

Offset of obstruction from the road and the rail line



In the shown Figure: How could you control 

the speed on Road (B) to satisfy the stopping 

condition and maintain the design speed on 

Road (A)
V B = 35 mph

V A = 55 mph

150 ft

120◦

80 ft

ROAD (A)

ROAD (B)


