
TRAFFIC ENGINEERING 

  

INTRODUCTION TO 

TRAFFIC ENGINEERING  



TRAFFIC ENGINEERING 

    DEFINIITON 

 

The phase of transportation engineering 
that deal with the planning, geometric 
design and traffic operation of road, 
streets and highways, their networks, 
terminals, abutting lands and 
relationships with other modes of 
transportation 



TRAFFIC ENGINEERING 

    PURPOSE 

 

1) Safety of the public 

 

2) Efficient use transportation resources 

 

3) Mobility of people and goods 



TRAFFIC ENGINEERING 

 

People – for a variety of reasons of an 
  economic or personal in  
  nature 

 

Goods – on the needs of further  
  manufacture or processing or 
  of ultimate consumption or 
  use 



RELATIONSHIP WITH FUNCTION 
TRAFFIC ENGINEERING 

 

1)   Collect and analysis traffic data 

2)   Plan traffic system and transportation  

3)   Design traffic system 

4)   Manage operation traffic system 

5)   Control traffic safety program 

TRAFFIC ENGINEERING 



TRAFFIC ENGINEERING 

  Component of traffic system 
 
  Driver 
 
  Vehicle 
 
  Road  
 
  Pedestrian 



DRIVER 



DRIVER 

Driver Characteristics 

 

Driver Tasks 

 

Driver Errors 



Driver Characteristics 
Physical characteristics  

 (age, gender, physical condition) 

 

Processing ability  

(mental capabilities, skill perception-

reaction time and expectancy ) 

 

Tolerable Accelerations/Decelerations  

–Longitudinal (along roadway ) 

–Lateral (around curves)  

–Vertical (comfort)  



Perception-Reaction Process 

• Perception 

• Identification 

 

 

• Emotion 

• Reaction (volition) 

PIEV 

Used for Signal Design and Braking Distance 



Perception-Reaction Process 

• Perception 

– Sees or hears situation (sees deer) 

• Identification 

– Identify situation (realizes deer is on road) 

• Emotion 

– Decides on course of action (swerve, stop, 
change lanes, etc) 

• Reaction (volition) 

– Acts (time to start events in motion but not 
actually do action)   

   Foot begins to hit brake 



Typical PRT range is: 

0.5 to 7 seconds 

Perception-Reaction Time (PRT) 

Time from Perception to Initial Reaction 

to Stimulus  

 



Perception-Reaction Time 

Factors 
Environment: 

• Urban vs. Rural 

• Night vs. Day 

• Wet vs. Dry 

Age 

 

Physical Condition: 

• Fatigue 

• Drugs/Alcohol 

 



Age 

 Older drivers  

– May perceive something as a hazard but 

not act quickly enough 

 

– More difficulty seeing, hearing, reacting 

 

– Drive slower 

 



Age 

Younger drivers 

– Able to act quickly but not have 
experience to recognize things as a 
hazard or be able to decide what to do 

– Drive faster 

– Are easily distracted by conversation and 
others inside the vehicle 

– Poorly developed risk perception 

– Feel invincible, the "Superman 
Syndrome” 

Human Factors - Perception and Reaction 
by Joseph E. Badger.  jebadger@harristechnical.com 



Alcohol 

•   Affects each person differently 

•   Slows reaction time 

•   Increases risk taking 

•   Dulls judgment 

•   Slows decision-making  

•   Presents peripheral vision difficulties  

Human Factors - Perception and Reaction 
by Joseph E. Badger.  jebadger@harristechnical.com 



Perception/Reaction Applications 

• Stopping sight distance 

• Passing sight distance 

• Placement of signs/traffic control 

devices 

• Design of horizontal/vertical curves 



Driver Tasks 

  CONTROL 

 (steering and speed control) 

 

GUIDANCE  

(lane choice, road following, car 

following, passing, merging, response 

to traffic control) 

 

NAVIGATION  

(trip planning and route following) 

 

 

 



Driver Errors 

Drivers' deficiencies    including 

–limited drivers capabilities (elders, limited 

experience) 

–temporal impairments (alcohol, drugs, 

fatigue). 

 

Difficult situations    including  

–highly complex tasks in urban areas 

–surprising, new elements in rural areas. 

 



Vehicle 



VEHICLE 

Moving people and goods from one     

Node to another along the link 

 

 

 Link  –  roadway / tracks connecting 2 

or more points 



VEHICLE CHARACTERISTICS 

Physical 

 

Operating 

 

Environmental 



PHYSICAL 

CHARACTERISTICS 

   Type (GB defines 15 design vehicle types) 
– Passenger Car 

– Motorcycle 

– Truck 

   Size (Several examples) 
– Length 

– Height 

– Weight 

– Width 

 

 



OPERATING CHARACTERISTICS 

 

 Acceleration 

 Deceleration and braking 

 Power/weight ratios 

 Turning radius 

 Headlights 

 



ENVIRONMENTAL 

CHARACTERISTICS 

 
 Noise 

 

 Exhaust 

 

 Fuel Efficiency 



VEHICLE VARIABLE 

 

Design vehicle 

 

Minimum turning path 

 

Vehicle performance 



DESIGN VEHICLE 

A design vehicle represents an  individual 
class in a conservative manner.  

• passenger cars (compact, subcompact, light 
delivery trucks),  

• trucks (single-unit, tractor-semitrailer 
combinations, trucks with full trailers),  

• buses/recreational vehicles (single-unit, 
school buses, motor homes, passenger cars 
pulling trailers or boats). 



The dimensions of motor vehicles 

influence the design of a roadway project. 

 Vehicle Width affects width of traffic lane 

 

 Vehicle length has a bearing on roadway 

capacity and affects the turning radius 

 

 Vehicle height affects the clearance of various 

structures 

 

 Vehicle weight affects the structural design of 

the roadway (pavement) 



Design Vehicle 
AASHTO recommends using 

15 design vehicles 



DESIGN VEHICLE DIMENSIONS  

(PWD – with Refer to AASHTO 1984) 

Design Vehicle Dimension in meter Turning 

Radius 

(m) 
Type Symbol Wheel 

Base 

Overhang Overall 

Length 

Overall 

Width 

Height 

Front Rear 

Passenger 

Car 

P 3.4 0.9 1.5 5.8 2.1 1.3 7.3 

Single Unit 

Truck 

SU 6.1 1.2 1.8 9.1 2.6 4.1 12.8 

Truck 

Combinatio

n 

WB-50 7.9 0.9 0.6 16.7 2.6 4.1 13.7 

L u A 



CURVES 

A traffic lane on a curve 

must be widened 

because: 

• The rear wheels do not track 

the front wheels 

• Vehicle’s front overhang 

requires an additional lateral 

space 

• Difficulty of driving on 

curves justifies wider lateral 

clearance  



CURVES  



Example 

 Calculate the widening required for passenger 

cars on a curve with radius R =570 ft. and design 

speed v = 40 mph.  The roadway has two lanes 

and is 22 ft wide on the tangent section. 

  tf3Aft,11Lft,7uft,2.5Cft,22Wn 

ft7.11U

115705707U

LRRuU

22

22







ft0.07F

5703)113(2570F

RA)A(2LRF

A

2

A

2

A







ZFC)2(UW Ac 

 nc WW no widening is needed for passenger cars 

ft20.11.680.072.5)2(7.11W

ZFC)2(UW

c

Ac





ft1.68
570

40
Z

R

v
Z







SYMBOL 



EXERCISE 

 Given that R = 175 m, V = 65 km/h, Wn = 6.7 m, 

C = 0.8 m, u = 2.1 m, L = 3.4 m, A = 0.9 m 

(Passenger Cars)   

 Determine Wc, do you think that you need to 

widen on this curve if only passenger cars use 

this facility! 

 Now, with the same R&V, check for truck, 

whether this facility need to be widened on the 

curve!  



PWD STANDARD - CURVE 



TURN PATHS  

Key variables in turn paths 

 

– Centerline turn radius 

– Out-to-out track 

– Wheelbase 

– Path of inner tire 



MINIMUM TURNING PATH 
Passenger Car 

Minimum turning 

path is defined by 

the outer trace of 

the front overhang 

and the path of the 

inner rear wheel. 



MINIMUM 

TURNING PATH 
Double-Trailer Combination 



VEHICLE  PERFORMANCE 

Characteristics 

acceleration 

deceleration  

difficulties in maintaining steady speed  

 

Use  

intersections 

freeway ramps 

climbing or passing lanes 



VEHICLE PERFORMANCE 

Exhibit 2-24 



VEHICLE PERFORMANCE 

Exhibit 2-25 



ROAD 

CHARACTERISTICS 



SIGHT DISTANCE 

Distance 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 

Type 

1) Stopping Sight Distance 

2) Passing Sight Distance 



STOPPING SIGHT DISTANCE 

• Stopping sight distance is composed of two 

distances, what are they? 

– Distance traveled during perception/reaction 

time  

– Distance required to physically brake vehicle 

Stopping Sight Distance =  
Reaction Distance + Braking Distance 



REACTION DISTANCE 
 
    Dr  = 0.278 tr V 
 
dr = break reaction distance, m 
 
tr = reaction time, s 
   The Policy recommends 2.5-second 

V = initial speed, km/h 
   

STOPPING SIGHT DISTANCE 



BRAKING DISTANCE   

 
 

 

 

 

   db = braking distance, m  

 V = initial speed, km/h 

    f = coefficient of friction  

    a = 3.4 m/s2, deceleration rate. 
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STOPPING SIGHT DISTANCE 
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STOPPING SIGHT DISTANCE 



EXAMPLE (PRT DISTANCE) 

 A driver with a PRT of 2.5 sec is driving 
at 105 km/h when she observed that an 
accident has blocked the road ahead. 
Determine the distance the vehicle 
would move before the driver could 
activate the brakes. The vehicle will 
continue to move at 105 km/h during 
the PRT of 2.5 sec. 



SOLUTION 

 Dr = 0.278 * V * t 

  = 0.278 * 105 * 2.5 = 73 m. 



SSD ON GRADES 

   A stopping distance on grades G is 
calculated as follows: 

 
 

 

 
    where G is the percent of graded 

divided by 100 with the minus sign for 
downgrades and the plus sign for 
upgrades. 
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EXAMPLE 1 (Determining 
Braking Distance) 

 A student trying to test the braking 
ability of her car determined that she 
needed 5.64 m more to stop her car 
when driving downhill on a road 
segment of 5% grade than when 
driving downhill at the same speed 
along another segment of 3% grade. 
Determine the speed at which the 
student conducted her test and the 
braking distance on the 5% grade. 



SOLUTION 

 Let x = downhill braking distance on 5% 
grade 

 (x + 5.64) m = Db on 5% grade 

 V = 75.1 km/hr 

 Db on 5% = 74 m 

 



EXAMPLE 2 (Exit Ramp 
Stopping Distance) 

 A motorist traveling at 105 km/h on an 
expressway intends to leave the 
expressway using an exit ramp with a 
maximum speed of 55 km/h. At what 
point on the expressway should the 
motorist step on her brakes in order to 
reduce her speed to the maximum 
allowable on the ramp just before 
entering the ramp, if this section of the 
expressway has a downgrade of 3%? 



SOLUTION 

 Use the speed reduced formula 

 Db = (V1
2 – V2

2)/254(a/g – 0.03) 

  = (1052 – 552)/254(0.35 – 0.03) 

  = 98.5 m 

 The brakes should be applied at least 
98.5 m from the ramp 



EXAMPLE 3 (Distance Required to 
Stop for an obstacle in the 
roadway) 

 A motorist traveling at 90 km/h down a 
grade of -5% on a highway observes an 
accident ahead of him, involving an 
overturned truck that is completely 
blocking the road. If the motorist was 
able to stop his vehicle 10 m from the 
overturned truck what was his distance 
from the truck when he first observed 
the accident? Assume PRT = 2.5 sec 



SOLUTION 

 SSD = 0.278Vt + V2/254(0.35 – 0.05) 

     = 0.278*90*2.5 + 902/254(0.30) 

     = 62.55 + 106.30 

     = 168.85 m 

 Find the distance of the motorist when 
he first observed the accident: SSD + 
10 m = 178.85 m 



    SSD ON GRADES 



Minimum distance required to safely 
complete passing maneuver on 2-lane 
two-way highway 
 
 
Allows time for driver to avoid collision 
with approaching vehicle and not cut off 
passed vehicle when upon return to lane 

PASSING SIGHT DISTANCE  



• Assumes: 

1. Vehicle that is passed travels at uniform speed 

2. Speed of passing vehicle is reduced behind passed 

vehicle as it reaches passing section 

3. Time elapses as driver reaches decision to pass 

4. Passing vehicle accelerates during the passing 

maneuver and velocity of the passing vehicle is 15 

km/h greater than that of the passed vehicle 

5. Enough distance is allowed between passing and 

oncoming vehicle when the passing vehicle returns 

to its lane 

PASSING SIGHT DISTANCE  



 

PASSING SIGHT DISTANCE  



Dpassing = d1 + d2 + d3 + d4 

 

d1 = distance traveled during P/R time to point where 

vehicle just enters the right lane 

 

  

 t1  = time for initial maneuver (sec) 

 v  = average speed of passing vehicle (km/h) 

 a  = acceleration 

 m  = difference between speeds of passing and  

     passed vehicle 

)2/(278.0 111 atmvtd 

PASSING SIGHT DISTANCE  



Dpassing = d1 + d2 + d3 + d4 

 

d2 = distance traveled by vehicle while in 

right lane 

 

  

where: 

 v = speed of passing vehicle (km/h) 

 t2 = time spent passing in left lane (sec) 

22 278.0 vtd 

PASSING SIGHT DISTANCE  



Dpassing = d1 + d2 + d3 + d4 

 

d3 = clearance distance varies from 30 to 90m 

 

d4 = distance traveled by opposing vehicle during 

passing maneuver 

  

d4 usually taken as 2/3 d2 

 

PASSING SIGHT DISTANCE  



 

PASSING SIGHT DISTANCE  



Example 

 Calculate the minimum passing sight distance 
required for a two-lane rural highway that has 
a posted speed limit of 70 km/h. The local 
traffic engineer conducted a speed study of the 
subject road and found the following: 

 - Average speed of the passing vehicle: 75 
km/h with an average acceleration of 2.3 
km/h/s 

 - Average speed of impeder vehicles: 65 km/h 

 Additional info can be seen from Table 3.6 



SOLUTION 

 d1= 0.278*4[75 – 10 + (2.3*4/2)] = 77.4 m 

 d2 = 0.278*75*10 = 208.5 

 d3 = 55 m (Table 3.6) 

 d4 = 2/3 * 208.5 = 139 

 Total = 77.4 + 208.5 + 55 + 139 = 480 m 

 (Minimum Passing Sight Distance) 

Note: t1 & t2 can be seen in Table 3.6 



Pedestrian Characteristics  

 Influence design and location of 
pedestrian control device 

 

 



Pedestrian Characteristics 

 Pedestrian movement between 0.9 – 2.4 
m/s 

 

 Pedestrian crossings warrant in area of 
heavy peak pedestrian movement such 
as 

 School 

 Business area 

 Abnormal hazard ( road >2 lanes) 

 


