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2.1 Human-Vehicle-
Environment Interaction
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Human

Environment Vehicles
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2.2 Driver Characteristics
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• Abilities of the driver,
– Different from one driver to another due to varying levels of 

hearing, seeing, evaluation and reaction of the drivers. 
– Vary for a driver depending on time of day, psychological 

condition, fatigue, and influence of drugs or alcohol. :

 For design purposes: select criteria 
which is compatible with the capabilities 
and limitations of most drivers.
– Average value may not be adequate.
– Usually, 85th or 95th percentile is 

selected.
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• Human Sensory Process:
– Vision: visual acuity (Static 

Dynamic)
– Clear Vision
– Fairly clear vision
– Peripheral vision
– Color vision
– Depth perception
– Glare vision
– Glare recovery 

(3 sec from dark to light
6 sec from light to dark)

– Hearing: Hearing of sounds is 
important to detect warning 
sounds of emergency vehicles 
and unusual sounds of 
mechanical problems in the 
vehicle
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• Visual Acuity: the ability to see fine details of an object. It 
can be represented by the visual angle, which is the 
reciprocal of the smallest pattern detail in minutes of arc 
that can be resolved and given as:

L:  diameter of the target (letter or symbol)
D: distance from the eye to target in the same units as L
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• Perception and Reaction Process. It can be divided into:
– Perception stage
– Identification stage
– Emotion stage
– Reaction or Volition stage

– Perception –reaction time: varies from one person to 
another and for the same person also.

– From 1.2 – 3.0 sec. AASHTO assumes 2.5 sec (90th percentile)
 2.5 sec  might not be adequate for complex conditions

– Braking distance, minimum sight distance, length of the 
amber phase at a signalized intersection.

PIEV time or
Perception-reaction time
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• Perception Reaction Time
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D = 0.278*u*t = 0.278*65*2.5 = 45.18 m
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• Older drivers’ characteristics:
– Reduced visual acuity
– Reduced ability to see at night
– Reduced motion range

• Pedestrian characteristics:
– Walking speed
– Elderly and handicapped pedestrians

• Cyclists characteristics:
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2.3 Vehicle Characteristics
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• A knowledge of these characteristic is necessary for proper 
geometric design and traffic control systems allowing for 
safe and smooth operations.
– Static: include the weight and size of 

vehicles.
– Kinematic: involve the motion of vehicles, 

without considering the forces that cause 
the motion

– Dynamic: involve the forces that cause the 
motion of vehicle

Operational 
Characteristics

This document was created by an application that isn’t licensed to use novaPDF.
Purchase a license to generate PDF files without this notice.

http://www.novapdf.com/


15

• Static Characteristics

1. Design vehicle: the selected representative vehicle for 
the geometric design and control  systems 

– Its dimensions are important for the determination of 
design standards for several physical components of the 
highway:

– lane width, shoulder width, parking bays length and width, 
and lengths of vertical curves.

– Vehicle weight is important for the determination of 
pavement depths and maximum grades.

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360
This document was created by an application that isn’t licensed to use novaPDF.
Purchase a license to generate PDF files without this notice.

http://www.novapdf.com/


16

• Static Characteristics

AASHTO has selected four general classes of vehicles: passenger 
cars (P), buses (BUS), trucks (SU), and recreational vehicles (RV).

American Association of State Highways and Transportation Officials AASHTO
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Figure 3.1 Examples of Different 
Types of Trucks
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• Static Characteristics
2. Turning Radii: Minimum turning radii at low operating 

speeds (up to 10 mph) are dependent mainly on the 
dimensions of the vehicle.

– This defines the minimum 
turning path of the vehicle 
as well as the width of the 
traveled way

Minimum turning radii for 
WB-18 design vehicle
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Figure 3.3 Minimum 
Turning Path for 

Interstate Semitrailer 
(WB-20 [WB-65 and WB-

67]) Design
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• Kinematic Characteristics
– The primary element among kinematic characteristics is 

the acceleration capability of the vehicle.
– Acceleration and speed is important in:

‒ Traffic operations such as passing maneuvers and 
gap acceptance, 

‒ The geometric design of acceleration, creeper and 
passing lanes.

‒ The lower the speed, the higher the acceleration 
rate that can be obtained.
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Figure 3.4 Acceleration 
Capabilities of Passenger 

Cars and Tractor 
Semitrailers on Level Roads
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• Dynamic Characteristics

1. Resistance: While a vehicle is in motion, the following 
forces act on it:

‒ Air resistance.
‒ Grade resistance.
‒ Rolling resistance.
‒ Curve resistance.
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• Air Resistance
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• Air Resistance
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• Grade Resistance
– grade resistance  = weight x grade, 

• in decimal
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• Rolling Resistance
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• Rolling Resistance
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• Curve Resistance
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• Curve Resistance
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• Power Requirements

• P : horsepower delivered (hp)
• R : sum of resistance to motion (kg)
• u : speed of vehicle in Km/hr
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• Power Requirements
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Figure 3.6 Forces Acting on a Moving Vehicle
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• Dynamic Characteristics

1. Resistance:

Example
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• Dynamic Characteristics

2. Braking: the distance moved while decelerating

‒ Stopping Distance S or SSD.
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Figure 3.7 Forces Acting on a Vehicle Braking on a 
Downgrade
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f=a/g
a=11.2 ft/sec2

G = 32.2 ft/sec2

a/g = 0.35
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• Dynamic Characteristics

3. Motion on horizontal curves (Minimum curve radius): 
When a vehicle is moving around a circular curve:

‒ Centrifugal force: It is an inward radial force acting 
on the vehicle.

‒ Superelevation: The inclination of the roadway 
toward the center of the curve
 Highway location, weather conditions, the 

distribution of slow moving traffic
 In rural areas with no snow (max 0.1), snow and ice 

area (0.08 ~0.1), in urban areas (max 0.08)
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• Dynamic Characteristics

3. Minimum curve radius: When a vehicle is moving 
around a circular curve:

Figure 3.8 Forces Acting on 
a Vehicle Travelling on a 
Horizontal Curve Section 

of a Road
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• Dynamic Characteristics

3. Minimum curve radius: equilibrium with respect to the 
incline road surface

assuming g = 32.2 ft/sec2 and u in mi/hr
Rmin = (u2)/((127[e+fs]))
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• Dynamic Characteristics

3. Minimum curve radius:

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360
This document was created by an application that isn’t licensed to use novaPDF.
Purchase a license to generate PDF files without this notice.

http://www.novapdf.com/


48
This document was created by an application that isn’t licensed to use novaPDF.
Purchase a license to generate PDF files without this notice.

http://www.novapdf.com/


49

• Dynamic Characteristics

3. Minimum curve radius:
Example:
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2.4 Road Characteristics
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• Sight Distance: the length of the roadway a driver can see 
ahead at any particular time. 

• A minimum sight distance is to be provided to allow the 
driver to make the necessary maneuvers without being 
involved in an accident (assuming that the driver is 
travelling with the design speed).

• Two types:

– Stopping Sight Distance 
(SSD):
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• Sight Distance: 
– Passing Sight Distance (PSD):

 The minimum sight distance to be provided to 
allow a driver to overtake (pass) safely on a two-
lane two-way roadway.  

 Necessary to avoid collisions with opposite vehicles 
when overtaking.

 Allow the driver to successfully abort passing 
maneuver. 
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• Sight Distance: 
– Passing Sight Distance (PSD):

 Assumptions
‒ The passing and passed vehicles are traveling at the same 

speed before beginning the passing maneuver.
‒ The passed vehicle continues traveling at a uniform speed.
‒ The passing driver requires some time to decide whether to 

overtake the passing maneuver.
‒ During passing, speed difference between passing and 

passed vehicle is 10mi/h  (15km/h).
‒ Suitable clearance exists between the passing vehicle and an 

opposite vehicle. 
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• Sight Distance: 
– Passing Sight Distance (PSD):

‒ d3 is the clearance 
distance between the 
passing vehicle and the 
opposing vehicle at the 
completion of the passing 
maneuver, range from 
110-300 ft (35-90 m).

‒ d4 is the distance 
traversed by the opposing 
vehicle during two thirds 
of the time the passing 
vehicle is in the left lane 
(i.e. equals (2/3) d2).
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Figure 3.9 Elements of 
and Total Passing Sight 
Distance on Two-Lane 

Highways
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• Sight Distance: 

– Passing Sight Distance (PSD):

Example:
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• Sight Distance: 

– Passing Sight Distance (PSD):
Example:
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• Example: Drivers travel on a freeway at 90 km/hr where 
an exit ramp are designed for 40 km/hr. What should be 
the minimum distance of sign with 15 cm letters placed 
ahead of exit. The following facts are provided: PIEV time 
= 2.0 sec, deceleration rate a = 3.41 m/sec2, g = 9.81 
m/sec2, Freeway downgrade = 1%. The drivers can read 
the sign at 0.75 m per 1 cm height. 
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• 1. Readability = 15 *0.75 = 11.25 m.
• 2. X = SSD – Readability = SSD – 11.25 m
• 3. SSD = 0.278*U*t +[ (U1)2 - (U2)2] /[254((a/g)-G))]
• SSD = 0.278*90*2 + (90*90) – (40*40)/[254((3.41/9.81)-

0.01))] = 50.04 + 75.27 = 125.31 m…
• X = 125.31 – 11.25 = 114.06 m.
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