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Lecture 1.1

1.1 Definition, Objectives, and Scope
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Definition of Traffic Engineering

According to the Institute of Transportation Engineers (ITE), Traffic
Engineering is defined as that phase of transportation engineering which deals
with the planning, geometric design, and traffic operations of roads, streets,
and highways, their networks, terminals, abutting lands, and relationships with
other modes of transportation.

Unlike structural or geotechnical engineering which primarily deal with static
loads and material strengths, traffic engineering explicitly accounts for
dynamic vehicular movement and variable human behavior, making it a highly
interdisciplinary field of study.

o Standard ITE definition emphasizes operations and geometric design
@ Deals with dynamic traffic flows rather than static structures

@ Includes interaction with terminals and abutting land uses

@ Integrates multi-modal transportation systems
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Primary Objectives of Traffic Engineering

The primary goal of traffic engineering is to provide for the safe, rapid,
comfortable, convenient, economical, and environmentally compatible
movement of people and goods from one location to another.

Safety is paramount; reducing frequency and severity of traffic accidents forms
the core objective. Efficiency seeks to minimize travel delay and congestion,
while economy targets reducing vehicle operating costs and infrastructure wear.

Safety First: Minimizing traffic accidents and severity

Mobility & Speed: Optimizing flow and reducing delay times
Economy: Lowering vehicle operating costs (VOC) and fuel usage
Environmental Protection: Reducing noise, air pollution, and carbon
footprint

User Comfort & Convenience: Clear signage, smooth pavements, and
logical routing
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raffic Engineering:

Traditionally, the scope of traffic management and safety intervention is
summarized by the '3 E's of Traffic Engineering’: Engineering, Education, and
Enforcement. Modern practice often adds Environment and Encouragement as
additional pillars.

Engineering involves planning, geometric design, channelization, signalization,
and maintenance. Education focuses on spreading road safety awareness to all
road user classes. Enforcement ensures strict compliance with traffic rules
through police and automated monitoring systems.

Engineering Enforcement
Design & Control Rules & Penalties
Education

Training & Awareness

i+ Environment & Encouragement |
: NMT & Sustainability 1
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Components of the Traffic System

The traffic system is an interactive socio-technical system consisting of four
primary components: the Road User (drivers, pedestrians, cyclists), the
Vehicle (cars, buses, trucks, non-motorized units), the Roadway Environment
(geometry, pavement, weather, lighting), and Traffic Control Devices (signs,
signals, markings).

A breakdown or deficiency in any single component can cause system-wide
failures, leading to traffic congestion, bottlenecks, or serious collisions.

Road Users Vehicles
Human traits Static & dynamic limits

Roadway & Env. Control Devices
Alignment, weather Signals & signs
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Fundamental Traffic Parameters

Traffic flow theory is characterized by three fundamental parameters: Traffic
Volume/Flow (q), Spot Speed/Mean Speed (v), and Traffic Density (k).
Understanding their relationship is vital for traffic planning and capacity
analysis.

The fundamental equation of traffic flow state is expressed as q = k * v,
where q is in vehicles per hour (veh/hr), k is in vehicles per kilometer
(veh/km), and v is space mean speed in km/hr.

o Traffic Volume (q): Number of vehicles passing a point per unit time

@ Speed (v): Distance traveled per unit time (Space mean speed vs Time
mean speed)

@ Density (k): Number of vehicles occupying a unit length of roadway at an
instant

o Fundamental Relation: q = k * v (Flow = Density * Speed)
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Role of Traffic Engineers in Civil Infrastructure

Civil engineers specializing in traffic engineering bridges the gap between static
structural design and dynamic urban mobility. They conduct traffic surveys,
design intersection geometries, program signal phases, and conduct road safety
audits.

Their work directly impacts municipal urban planning, highway expansion
projects, smart city mobility grids, and mass rapid transit systems
(BRTS/Metro) integration.

Conducting traffic volume, speed, delay, and accident studies
Designing channelized intersections, roundabouts, and grade separators
Optimizing traffic signal timings and corridor signal coordination
Formulating traffic management plans during major construction works
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Traffic Problems in Modern Urban Areas

Rapid urbanization, economic growth, and skyrocketing motor vehicle

ownership have led to severe traffic problems in Indian cities and urban centers
across the globe.

Key challenges include severe traffic congestion, high road accident fatality
rates, inadequate parking facilities, ribbon development along highways, and
elevated vehicular air pollution levels.

@ Traffic Congestion: Saturated road capacity causing excessive delay

@ High Accident Rates: Lack of lane discipline and heterogeneous vehicle
mix

o Inadequate Parking: On-street parking encroaching active carriageways

@ Environmental Degradation: Air pollution, smog, and acoustic noise
pollution
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Indian Road Congress (IRC) Standards

In India, the Indian Roads Congress (IRC) is the apex body of highway
engineers that formulates standardized codes of practice, guidelines, and
specifications for road design and traffic management.

Key IRC codes relevant to traffic engineering include IRC:67 (Code of Practice
for Road Signs), IRC:35 (Code of Practice for Road Markings), IRC:93 (Traffic
Signals Guidelines), and IRC:106 (Capacity of Urban Roads in Plain Areas).

Code / Body | Description / Purpose

IRC Apex body regulating road and traffic standards in
India

IRC:67 Design, shape, color, and placement of Road Signs

IRC:35 Specification for Road Markings and paint standards

IRC:106 Guidelines for Capacity and Level of Service on Ur-
ban Roads
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Sustainable and Smart Traffic Management

Modern traffic engineering has evolved beyond simply widening roads to
accommodate more cars. Sustainable traffic management focuses on demand
management, transit priority, and intelligent technology integration.

Intelligent Transportation Systems (ITS) leverage loT sensors, real-time
cameras, Al algorithms, and adaptive signal systems (e.g., SCATS, SCOOT)
to dynamically manage traffic demands and improve road safety.

@ Travel Demand Management (TDM): Congestion pricing, carpooling,
staggered timings

@ Public Transit Priority: Dedicated bus lanes (BRTS) and multi-modal
integration

o Intelligent Transportation Systems (ITS): Adaptive signals, CCTV
monitoring, VMS

@ Active Mobility Promotion: Safe pedestrian walkways and dedicated
bicycle tracks
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Practical Case Study: Urban Junction Bottleneck

Analysis

Consider a busy un-signalized 4-arm urban intersection experiencing frequent
broadside collisions, gridlocks during peak hours, and heavy pedestrian-vehicle
conflicts.

By applying traffic engineering principles, engineers perform traffic volume
counts, analyze conflict points, install channelizing islands, implement a
4-phase adaptive traffic signal, and erect IRC-compliant warning and
regulatory signs.

@ Step 1: Data collection (Peak hour traffic volume & turning movements)

@ Step 2: Conflict point analysis (Reducing 32 potential collision points)

@ Step 3: Geometric modification (Channelization islands and pedestrian
refuges)

@ Step 4: Control installation (Signal timing & standard IRC signs)
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Lecture Summary: Definition, Objectives, and Scope

In this introductory lecture, we defined Traffic Engineering as a dynamic
branch of transportation engineering focused on safe, efficient, and economical
traffic operations and geometric design.

We examined the 3 E's framework (Engineering, Education, Enforcement),
fundamental traffic variables (q = k * v), IRC design codes, and modern smart
city traffic management strategies.

o Traffic Engineering balances safety, mobility, economy, and environmental
quality

@ System components: Road User, Vehicle, Roadway/Environment, and
Controls

o Key equation: Flow (q) = Density (k) x Speed (v)

o Next Lecture: Detailed analysis of Road User Characteristics (Human
Factors)
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Lecture 1.2

1.2 Road User Characteristics
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Overview of Human Factors in Traffic Engineering

Human factors engineering (ergonomics) analyzes how humans interact with
roadway infrastructure and vehicles. Because human performance varies across
individuals and environmental conditions, traffic designs must accommodate
the 85th or 95th percentile human limitations.

Road user characteristics are broadly classified into four major categories:
Physical traits, Mental capabilities, Psychological /Emotional states, and
Environmental factors affecting performance.

Category Examples & Traits

Physical Vision, hearing, strength, age, and reaction time

Mental Knowledge, intelligence, experience, and judg-
ment

Psychological Motives, emotions, habits, and risk perception

Environmental | Ambient lighting, weather, noise, and traffic
density
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Physical Characteristics: Vision Capabilities

Vision is the single most critical sense for road users, providing over 90% of
the information required for driving and navigating. Key visual factors include
visual acuity, peripheral vision, color vision, depth perception, and glare
recovery.

Visual acuity determines the driver's ability to see fine detail at a distance.
Static acuity applies when both driver and object are stationary, whereas
dynamic acuity decreases significantly as vehicle speed increases.

Visual Acuity: Ability to perceive fine details at distance (20/20 standard)

@ Dynamic Vision: Acuity drops substantially as driving speed increases

@ Depth Perception: Estimating distance and relative speeds of oncoming
vehicles

@ Color Vision: Essential for identifying traffic signal lights and
retroreflective sign colors

o Glare & Night Vision: Time taken for pupil recovery after bright headlight

exposure
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Vision Field and Cone of Vision

The human field of vision is divided into three distinct zones based on angular
deviation from the line of sight: the Clear Vision Cone (3° to 5°), the Fair
Vision Cone (10° to 12°), and the Peripheral Vision Field (up to 160° total).

Traffic signs, signals, and critical road markings must be positioned within the
driver’s clear vision cone (or near fair vision) so drivers can read legends
without diverting their eyes significantly from the carriageway.

Peripheral to 160°)

Clear (3°-5°)

Speed Effect: As speed rises from 30 km/h to 100 km/h, peripheral field narrows from 100°
to under 40° (Tunnel Vision).
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Physical Characteristics: Hearing, Fatigue, and Age

Hearing provides crucial secondary cues such as horn warnings, emergency
vehicle sirens, engine sounds, and railway level crossing alarms. Hearing
impairment requires drivers to rely even more heavily on visual scanning.

Fatigue and advanced age significantly degrade physical performance. Elderly
drivers typically experience reduced visual acuity, slower muscular response,
stiffer neck movement, and extended perception-reaction times.

@ Hearing Acuity: Essential for perceiving emergency sirens and auditory
warnings

o Fatigue Effects: Causes microsleep, delayed reaction, and loss of lane
keeping

@ Age Factors: Diminished night vision, increased glare sensitivity, slower
physical reflexes

o Permanent/Temporary Disabilities: Physical impairments requiring
adaptive vehicle controls
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Mental Characteristics of Road Users

Mental characteristics encompass a driver’s intelligence, education, driving
experience, familiarity with traffic regulations, and capacity to process complex
information rapidly under stress.

Driver confusion occurs when road layout or signage presents ambiguous or
conflicting choices. Clear, standardized, and uniform traffic signs (per IRC:67)
minimize driver mental workload and decision-making time.

@ Knowledge of Rules: Understanding traffic signs, markings, right-of-way
laws

@ Experience & Skill: Anticipating hazards, smooth steering, and proper
gear selection

@ Mental Workload: High workload causes driver errors; low workload
causes boredom /drowsiness

o Expectancy Principle: Drivers react faster when road features conform to
expected patterns
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Psychological Characteristics and Driver Behavior

Psychological traits dictate a road user's attitude, emotional state, impatience,
aggressiveness, risk-taking tendencies, and attentiveness. Psychological factors
are heavily influenced by stress, personality, and social habits.

Emotional disturbances such as road rage, grief, or extreme haste impair
critical judgment, leading to tailgating, illegal overtaking, red-light running,
and speeding.

o Emotional State: Anger, anxiety, and frustration increase risk tolerance

o Attitude Towards Safety: Willingness to obey traffic rules versus willful
non-compliance

o Aggressive Driving: Tailgating, improper lane weaving, and speeding

@ Habit Patterns: Automatic responses built through years of driving
experience
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Environmental and External Influences

A road user's performance is not static; it changes dynamically based on
external environmental conditions. Heavy rainfall, fog, dust storms, glaring
sunlight, and extreme night darkness alter visibility and psychological stress
levels.

High traffic density, complex multi-lane junctions, ambient urban noise, and
excessive roadside visual clutter (billboards, neon lights) overload driver
cognitive processing.

@ Weather Impact: Fog and heavy rain reduce sight distance and tire
traction

o Lighting Conditions: Night driving reduces contrast; glare from oncoming
high beams blinds drivers

o Traffic Complexity: High vehicle density increases stress and demands
constant vigilance

@ Commercial Clutter: Unauthorized roadside hoardings distract drivers
away from traffic signs
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Pedestrian Characteristics and Behavior

Pedestrians represent the most vulnerable class of road users (VRUs). Unlike
vehicles, pedestrians can change speed and direction instantaneously, but lack
protective body armor during collisions.

Standard traffic engineering design assumes a normal pedestrian walking speed
of 1.2 m/s (IRC recommendation), reduced to 0.9 - 1.0 m/s in areas with high
proportions of elderly citizens or school children.

@ Standard Walking Speed: 1.2 m/s used for calculating signal pedestrian
clearance intervals

@ Vulnerability: 100% exposure to impact forces in vehicle-pedestrian
collisions

@ Behavioral Traits: Propensity to take shortest path ('desire lines’),
jaywalking, impatient crossing

@ Pedestrian Infrastructure: Footpaths, zebra crossings, pedestrian refuge
islands, skywalks
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Cyclist and Two-Wheeler User Characteristics

In developing nations like India, motorized two-wheelers (motorcycles,
scooters) and non-motorized bicycles constitute up to 60-70% of urban traffic
volume, creating a highly heterogeneous traffic mix.

Two-wheeler riders exhibit unique traits: small physical footprint, single-track
balancing dynamics, rapid acceleration, high vulnerability, and a tendency to
squeeze through vehicle gaps.

@ Heterogeneous Traffic Mix: High percentage of 2-wheelers in Indian
traffic stream

@ Balancing Dynamics: Vulnerable to skid on wet, greasy, or gravel-strewn
road surfaces

@ Lane Discipline: Frequent lane filtering and lateral movement within lanes

@ Safety Requirements: Dedicated bicycle tracks, exclusive advanced stop
lines (bike boxes)
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Driver Impairment: Alcohol, Drugs, and Distractions

Driver impairment due to alcohol or substance abuse is a major cause of fatal
road crashes worldwide. Alcohol acts as a central nervous system depressant,
impairing coordination, lengthening reaction time, and reducing risk awareness.

In India, under the Motor Vehicles Act, the legal Blood Alcohol Concentration
(BAC) limit is 30 mg of alcohol per 100 ml of blood (0.03% BAC). Modern
mobile phone distractions (texting, talking) produce cognitive impairments
equivalent to drunk driving.

Factor Key Details & Interventions

BAC Legal Limit (India) | 30 mg / 100 ml (0.03% BAC)

Impairment Effects Loss of muscle coordination, poor depth estimation,
severe delay in PIEV reaction time

Distracted Driving Mobile phone use, texting, adjusting infotainment
screens

Engineering Fixes Continuous rumble strips, forgiving roadside barri-

ers, automated enforcement
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Summary: Road User Characteristics

This lecture covered the multi-faceted human factors governing road users:
physical visual capabilities, mental knowledge, psychological emotional traits,
and environmental influences.

We examined specific characteristics of drivers, pedestrians (1.2 m/s walking
speed), two-wheeler riders, and the catastrophic effects of fatigue, alcohol, and
distractions on traffic safety.

@ Road users are variable; designs must accommodate 85th/95th percentile
human limits

@ Vision provides j90% of driving info; Cone of Vision governs sign
placement

@ Pedestrian clearance signals rely on standard walking speed (1.2 m/s)

o Next Lecture: Detailed study of Vehicular Characteristics (Static &
Dynamic)
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Lecture 1.3

1.3 Vehicular Characteristics
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Classification of Vehicular Characteristics

Vehicular characteristics are broadly divided into two major categories: Static
Characteristics and Dynamic Characteristics.

Static characteristics remain fixed regardless of vehicle motion (dimensions,
weight, wheel configuration). Dynamic characteristics govern the vehicle while
in motion (acceleration, speed, power-to-weight ratio, braking efficiency,
turning radius, and off-tracking).

o Static Characteristics: Width, height, length, gross weight, axle loads, tire
contact area

@ Dynamic Characteristics: Maximum speed, acceleration capability, power
output, braking distance

@ Geometric Impact: Governs lane width, overhead clearance, turning radii,
and sight distance

o Structural Impact: Governs flexible and rigid pavement structural design
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Static Characteristics: Vehicle Dimensions

Vehicle dimensions (width, height, overall length) establish the physical
boundary constraints for highway geometric elements.

Vehicle width determines the required traffic lane width, shoulder width, and
bridge roadway width. Vehicle height governs vertical clearance under flyovers,
underpasses, electric lines, and tunnels. Vehicle length dictates minimum
turning radii, parking bay dimensions, and overtaking distance.

e Width -; Dictates standard lane width (e.g., 3.5 m single lane /
multi-lane per IRC)

@ Height -; Dictates minimum vertical clearance under structures (IRC
standard 5.0 m to 5.5 m)

@ Length -; Governs minimum turning radii, intersection storage bays, and
overtaking sight distance

@ Overhangs -j Front and rear bumper overhangs influence clearance on
steep vertical curves
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Static Characteristics: Weight and Axle Loading

Vehicle gross weight and individual axle load configurations determine the
stress distribution transferred to pavement structures and bridge decks.

Axle configurations include single axle with single wheels, single axle with dual
wheels, tandem axles, and tridem axles. Pavement structural design relies on
the Standard Axle Load concept (81.6 kN or 8.16 tonnes single axle dual
wheel).

@ Gross Vehicle Weight (GVW): Total weight of vehicle chassis, engine,
cargo, and passengers

@ Axle Load: Portion of vehicle weight carried by a single axle assembly

e Standard Axle Load: 80 kN / 81.6 kN (8.16 tonnes) single axle with dual
wheels (IRC:37)

@ Fourth Power Law: Pavement damage increases exponentially with axle
load ratio (Load / Standard Load)*
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IRC Standard Design Vehicle Dimensions

The Indian Roads Congress (IRC) specifies standard maximum dimensions for
design vehicles operating on Indian road networks to ensure uniform
infrastructure design.

According to IRC guidelines, maximum allowable vehicle dimensions are:
Width = 2.50 m (2.60 m for reefer trucks), Height = 3.80 m for normal goods
vehicles (4.75 m for double-decker buses / container carriers), and Length =
12.0 m for single-unit trucks, 18.0 m for semi-trailer combinations.

Dimension | Standard Limit Special/Maximum Limit

Width 2.50 m 2.60 m (ISO Containers)

Height 3.80 m (Normal goods) | 4.75 m (Double-decker/Container)
Length 12.0 m (Single Unit) 18.0 m (Tractor-trailer)

Note: Design Vehicle Selection is based on the largest vehicle expected to use the facility in
significant numbers.
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Dynamic Characteristics: Power, Speed, and

Acceleration

A vehicle's power output (horsepower or kW) relative to its total weight
defines its acceleration capability, speed maintenance on steep upgrades, and
overall maneuverability.

Heavy trucks have significantly lower power-to-weight ratios compared to
passenger cars, causing them to decelerate sharply on steep uphill gradients.
This speed differential necessitates climbing lanes on mountainous highways.

o Power-to-Weight Ratio: High in passenger cars ( 80-150 hp/tonne); Low
in heavy trucks ( 6-10 hp/tonne)

@ Acceleration Rate: Governs gap acceptance at intersections and
overtaking maneuvers

o Critical Length of Grade: Maximum upgrade length a heavy truck can
navigate before speed drops unacceptably

@ Climbing Lanes: Additional uphill lanes provided to segregate slow heavy
vehicles from fast cars
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Dynamic Characteristics: Tractive Resistance to

Motion

To maintain motion at a target speed, a vehicle's engine tractive effort must
overcome four primary resistive forces: Rolling Resistance, Air (Aerodynamic)
Resistance, Grade Resistance, and Inertial/Curve Resistance.

Total Resistance R = R_r + R_a + R_g + R.i. Understanding resistive forces
allows engineers to calculate maximum allowable highway gradients and fuel
consumption rates.

Rolling (R,): Tire-pavement friction
Air (R,): Aerodynamic drag o v?

Grade (Rg): Gravity component R
W sin 0 Grade 0

Inertial (R;): m- a (acceleration) W
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Braking Performance and Skid Resistance

Braking performance determines the distance required to bring a moving
vehicle to a complete stop once the brakes are applied. It depends on brake
system efficiency, tire tread condition, pavement surface texture, and
tire-pavement friction coefficient (f).

The theoretical braking distance equation is d_b = v? / (2 * g * f), where v is
speed in m/s, g is gravitational acceleration (9.81 m/s?), and f is the
longitudinal coefficient of friction (IRC specifies f = 0.35 to 0.40).

o Braking Distance Formula: d b=1v?/ (2* g *f) [vin m/s] or d_b = V?
/ (254 * £) [V in km/h]

o Coefficient of Longitudinal Friction (f): IRC recommended value ranges
from 0.35 (at 100 km/h) to 0.40 (at 30 km/h)

@ Braking Efficiency (eta): Actual deceleration achieved compared to
maximum theoretical deceleration

@ Skid vs Slip: Skidding occurs when wheels lock completely and slide over
road surface
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Vehicle Turning Geometry and Off-Tracking

When a long vehicle negotiates a sharp horizontal curve at low speed, the rear
wheels do not follow the exact path of the front steering wheels; instead, they
track inward toward the curve center. This phenomenon is called Off-tracking.

Mechanical extra widening (E_m) required on horizontal curves to
accommodate off-tracking is calculated using the IRC formula E.m = (n * L?)
/ (2 * R), where n is number of lanes, L is wheel base length (m), and R is
curve radius (m).

o Off-tracking: Inward path deviation of rear wheels relative to front
steering wheels

@ Wheel Base (L): Distance between front steering axle and rear axle center

o Mechanical Widening Formula: E.m = (n * [2) / (2 * R)

@ Psychological Widening (E_ps): E_ps =V / (9.5 * sqrt(R)) to account
for driver steering inaccuracy at speed

o Total Extra Widening (E): E = E_.m + E_ps
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Passenger Car Unit (PCU) Concept

Traffic streams in developing nations contain diverse vehicle types (cars, buses,
trucks, auto-rickshaws, 2-wheelers, bullock carts) with varying sizes and
speeds. To express mixed traffic in a uniform measure, traffic engineers
convert all vehicles into equivalent Passenger Car Units (PCU).

One PCU represents the relative space and performance impact of a given
vehicle type compared to a standard passenger car under prevailing roadway
and traffic conditions.

Vehicle Type PCU | Vehicle Type PCU

Two-Wheelers 0.5 | Heavy Buses/Trucks | 2.2 - 3.0
Car / Auto-Rickshaw 1.0 | Agricultural Tractors | 4.0 - 6.0
LCV 1.4 | Animal Carts 40-6.0

PCU Definition: Relative measure converting heterogeneous vehicles into equivalent standard cars.
Factors: Physical dimensions, speed, acceleration, lane width, traffic density.
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Heterogeneous Mixed Traffic Flow Dynamics

Unlike homogeneous traffic in Western countries where vehicles follow strict
lane discipline and uniform speeds, Indian road traffic is highly heterogeneous.

Key characteristics of mixed traffic include wide speed differentials (10 km/h
to 100 km/h), absence of lane discipline, lateral seepage of smaller vehicles
into small road gaps, and complex vehicle-pedestrian interactions.

@ Heterogeneity: Co-existence of fast motorized vehicles and slow
non-motorized transport (NMT)

@ Lack of Lane Discipline: Vehicles occupy any available lateral space
across road width

o Capacity Reduction: Friction between high-speed cars and slow
auto-rickshaws/bicycles reduces highway capacity

@ Modelling Complexity: Standard highway capacity models must be
modified using local PCU factors
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Summary: Vehicular Characteristics

In this lecture, we studied static vehicular characteristics (dimensions, axle
weights, IRC limits) and dynamic characteristics (power, resistances, braking
distance, off-tracking).

We learned the theoretical formulas for braking distance (d_b = v / 2gf),
mechanical curve widening (E.m = nL2 / 2R), and the conversion of mixed
traffic into Passenger Car Units (PCU) per IRC:106.

@ Static dimensions dictate lane width (3.5 m), clearance (5.0 m), and
pavement design

Braking distance depends squarely on initial speed: d b = v2 / (2 * g * f)
Off-tracking requires mechanical extra widening on horizontal curves
PCU factors convert mixed traffic streams to equivalent standard car units
Next Lecture: Detailed analysis of Driver Reaction Time and PIEV Theory
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Lecture 1.4

1.4 Driver Reaction Time
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Concept of Perception-Reaction Time (PRT)

Total Driver Reaction Time is defined as the elapsed time from the instant an
unexpected object or hazard enters the driver’s field of vision to the instant
the driver's foot physically applies pressure to the brake pedal (or hands turn
the steering wheel).

During this reaction time, the vehicle travels a distance known as the
Perception-Reaction Distance or Lag Distance. Because no braking force is
active during this interval, the vehicle maintains its initial cruising speed.

o Elapsed time between stimulus occurrence and physical control response

@ Vehicle continues moving at unreduced initial speed (v)

o Crucial component in calculating Stopping Sight Distance (SSD) and
Intersection Sight Distance

@ Varies significantly across individuals, ranging from 0.5 seconds to over
4.0 seconds
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Breakdown

Total perception-reaction time is composed of two primary sub-intervals:
Perception Time and Brake Reaction / Execution Time.

Perception time involves sensory transmission and brain cognitive processing.
Execution time involves motor nerve transmission and muscle action to move
the driver's foot from accelerator to brake pedal.

@ Perception Interval: Time required for eyes to see hazard and brain to
recognize danger

@ Brake Application Interval: Physical movement of foot to brake pedal and
depressing pedal

o Brake Lag (Vehicle): Mechanical delay between pedal depression and
brake shoe engagement

@ Combined Total: Human reaction time + Mechanical vehicle response lag
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The PIEV Theory: Overview and Framework

The PIEV Theory was formulated by Matson, Smith, and Hurd to analyze the

physiological and psychological process a driver undergoes when responding to
a traffic situation.

According to PIEV theory, total driver reaction time is divided into four

sequential, overlapping phases: Perception (P), Intellection (1), Emotion (E),
and Volition (V).

P - Perception | - Intellection E - Emotion V - Volition
Sensing object Interpreting Feeling/Panic Acting (Action)
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PIEV Theory: Phase 1 - Perception (P)

Perception is the phase during which the driver receives sensory stimuli from
the roadway environment through the eyes, ears, or body sensations.

Visual perception begins when light reflecting off an obstacle hits the driver's
retina, transmitting nerve impulses via the optic nerve to the brain’s visual
cortex. Perception time depends on object size, contrast, lighting, and
peripheral location.

@ Sensory Reception: Optical image formed on retina or auditory sound
wave hitting ear drum

@ Transmission: Nerve signal travels from receptor organs to central
nervous system (CNS)

o Factors Affecting Perception: Object visibility, contrast against
background, weather, night glare

o Time Taken: Varies from 0.5 to 1.5 seconds depending on visual clarity
and surprise element
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PIEV Theory: Phase 2 - Intellection (I)

Intellection (also called Identification or Comprehension) is the cognitive phase
where the brain processes the perceived sensory data, compares it with past
memories and experiences, and evaluates potential threat levels.

During intellection, the driver answers internal questions: 'Is that a stationary
stalled vehicle or a moving car?’, 'Is that pedestrian stepping into my lane?’,
and formulates potential action options.

@ Cognitive Processing: Brain analyzes size, position, and relative velocity
of hazard

@ Pattern Recognition: Comparing visual image against stored driving
memories

@ Option Generation: ldentifying choices (brake hard, steer left, steer right,
sound horn)

@ Time Duration: Longer for complex, multi-vehicle junction scenarios than
simple straight roads
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PIEV Theory: Phase 3 - Emotion (E)

Emotion is the psychological phase where the driver's feelings, temperament,
fear, panic, or emotional state influence the decision-making process.

Fear and panic caused by sudden imminent collisions can freeze a driver or
trigger erratic evasive actions. Conversely, a calm, experienced driver processes
emotions smoothly without excessive delay.

@ Psychological Influence: Fear, anger, panic, anxiety, or calm state of mind

@ Impact of Fear: High fear can cause muscle rigidity or delayed
decision-making (freezing)

@ Driver Experience: Experienced drivers maintain emotional control under
unexpected hazard scenarios

@ Variable Impact: Emotion time can range from near zero (experienced
calm driver) to significant delay (panicked driver)
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PIEV Theory: Phase 4 - Volition (V)

Volition (or Will/Action) is the final phase where the driver's brain selects the
final course of action and sends motor nerve signals to the physical limbs to
execute the action.

Volition time includes sending electrical impulses down the spinal cord to leg
muscles, lifting the right foot from the accelerator, moving it laterally, and
depressing the brake pedal until pressure is established.

@ Decision Finalization: Selecting the single best response (e.g., emergency
braking)

@ Motor Impulse Transmission: Brain sends nerve signals through spinal
cord to leg muscles

@ Physical Execution: Foot lifts off gas pedal and depresses brake pedal

@ Time Duration: Typically short ( 0.2 to 0.5 seconds in healthy adults)
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Standard Reaction Time Values in Road Design (IRC

Standards)

Because driver reaction time varies widely across the population,
transportation agencies adopt conservative, standardized reaction time values
for geometric highway design.

The Indian Roads Congress (IRC) specifies a standard driver reaction time t =
2.5 seconds for calculating Stopping Sight Distance (SSD). For Overtaking
Sight Distance (OSD), IRC specifies t = 2.0 seconds.

Design Element Time (t) | Condition/Note

Stopping Sight Distance (SSD) 25s Unexpected hazard (IRC:73)

Overtaking  Sight Distance 20s Alert, anticipating maneuver

(OSD)

Intersection Design 2.5-3.0 s | Higher complexity, turning
choices

Note: 2.5s covers roughly 90th-95th percentile of driver population.
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Factors Affecting Driver Reaction Time

Driver reaction time is not a fixed physical constant; it varies dynamically
based on driver condition, environmental environment, vehicle speed, and
hazard characteristics.

Key factors increasing reaction time include driver fatigue, alcohol/drug
consumption, old age, poor atmospheric visibility (fog, heavy rain), night
driving glare, high vehicle speed, and unexpected or complex hazard
placement.

@ Driver Condition: Fatigue, sleep deprivation, illness, and old age lengthen
PRT

@ Substance Impairment: Alcohol and drugs severely degrade central
nervous system processing

@ Surprise Element: Anticipated events have shorter PRT ( 0.6s) than
unexpected surprise events ( 2.5s)

@ Environmental Complexity: Multi-lane busy junctions require longer
intellection time

@ Speed Effect: Higher speeds leave less margin for error, requiring rapid
reaction
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Perception-Reaction Distance (Lag Distance)

Calculation

The distance traveled by a vehicle during total reaction time is called Lag
Distance (d_l).

Mathematically, Lag Distance is calculated as: d_| = v * t (where v is speed in
m/s and t is reaction time in seconds). If initial speed V is given in km/h: d_|
=(V/36)*t=0278*V *t

Hazard v (Speed maintained) Bralkes
Seen Applied

T
|

«——di=vxt or d=0278-V.t—>

Example: For V =80 km/h and t =25 s:
d; = 0.278 x 80 x 2.5 = 55.6 meters
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Summary: Driver Reaction Time and PIEV Theory

This lecture detailed Perception-Reaction Time (PRT) and the 4 stages of
PIEV theory: Perception, Intellection, Emotion, and Volition.

We learned IRC standardized design reaction times (t = 2.5s for SSD, t = 2.0s
for OSD) and calculated Lag Distance (d_l = 0.278 * V * t), demonstrating
its vital role in road safety design.

o PIEV Stages: Perception (seeing), Intellection (thinking), Emotion
(feeling), Volition (acting)

IRC Reaction Times: 2.5 seconds for SSD; 2.0 seconds for OSD

Lag Distance d_| = 0.278 * V * t represents unbraked distance traveled
during reaction time

Total Stopping Distance = Lag Distance (d_) 4+ Braking Distance (d_b)
Next Lecture: Synthesis of Traffic Engineering Systems, Scope, and
Administrative Framework
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Lecture 1.5

1.1 Definition, Objectives, and Scope
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Approach raffic Engineering

A systems engineering approach treats traffic flow not as isolated vehicles on
asphalt, but as an interconnected, closed-loop socio-technical system.

The system components—Road User, Vehicle, Roadway Geometry, Traffic
Control Devices, and Ambient Environment—interact continuously. Feedback
loops determine system performance, safety levels, congestion points, and
environmental impacts.

Inputs Operations Outputs
Demand, Vehicles Roadway, Signals Mobility, Safety

f

Feedback (Routing, Speed)
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Administrative Framework for Traffic Management in

India

Traffic engineering in India operates under a multi-tiered administrative
structure comprising national, state, and local municipal authorities.

Key bodies include the Ministry of Road Transport and Highways (MORTH),
National Highways Authority of India (NHAI), Indian Roads Congress (IRC),
State Public Works Departments (PWD), Urban Development Authorities,
and Municipal Traffic Police.

@ MORTH: Formulates national road transport policies, safety legislation,
and Central Motor Vehicles Rules

@ NHAI: Responsible for development, maintenance, and tolling of National
Highway corridors

@ IRC: Prepares technical standard codes, geometric specifications, and
design guidelines

@ State PWDs & Municipalities: Execute construction, signal installation,
and maintenance of state/urban roads

o Traffic Police: Enforces traffic laws, manages peak-hour manual control,
and registers accident records
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Comprehensive Urban Transportation Planning (UTP

Process)

Urban Transportation Planning (UTP) is a long-term strategic process that
predicts future travel demand and guides infrastructure investments over 20-30
year horizons.

The traditional UTP process follows a classical 4-Step Travel Demand
Forecasting Model:

1. Generation R 2. Distribution & ('\él;"i?h:tpht N 4. Assignment
? ? i ?
(How many?) (Where to?) - (Which route?)
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Traffic Capacity and Level of Service (LOS) Concepts

Roadway Capacity is defined as the maximum sustainable flow rate of vehicles
that can reasonably pass a point during a given time period under prevailing
roadway, traffic, and control conditions.

Level of Service (LOS) is a qualitative measure describing operational
conditions within a traffic stream, graded from LOS A (free-flow, high
comfort) to LOS F (forced flow, severe breakdown/congestion) per IRC:106
guidelines.

LOS | Flow Condition Driver Comfort & Speed
A Free flow, low volume High speed, full maneuverability
B Reasonably free flow Minor restrictions on maneuverability
C Stable flow Maneuverability restricted (urban design)
D Approaching unstable flow | High density, freedom restricted
E Capacity flow (v/c = 1.0) | Unstable, zero margin for fluctuations
F Breakdown / Forced flow | Stop-and-go conditions, queues
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Road Safety Audit (RSA) Framework

A Road Safety Audit (RSA) is a formal, systematic, and independent safety
evaluation of a new or existing road project, conducted by a qualified team of
independent auditors.

RSAs aim to proactively identify potential safety hazards and design flaws
before accidents occur, ensuring that safety considerations are integrated at
every project milestone.

Stage 1: Planning / Feasibility Stage Audit -; Route alignment choice
and land-use safety

Stage 2: Preliminary Design Audit -; Geometric alignments, sight
distances, cross-sections

Stage 3: Detailed Design Audit -; Junction details, sign locations,
marking plans, barrier choices

Stage 4: Pre-Opening / Construction Audit -; On-site inspection before
road opens to public traffic

Stage 5: Existing Road Audit -; Operational monitoring of high-accident
spots (Blackspots)
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Traffic Congestion Management Techniques

Solving urban traffic congestion requires balancing Supply-Side Management
(building infrastructure) with Demand-Side Management (Travel Demand
Management - TDM).

Because expanding road width often induces latent traffic demand, modern

traffic engineering relies heavily on TDM strategies to optimize existing road
network efficiency.

@ Supply-Side Measures: Junction channelization, flyover construction, lane
widening, one-way networks

@ Demand-Side (TDM) Measures: Congestion pricing, high-occupancy
vehicle (HOV) lanes, staggered work hours

@ Parking Management: Paid parking meters, restricting on-street parking
on major arterials

@ Public Transit Priority: Dedicated Bus Rapid Transit (BRTS) corridors
and transit-oriented development (TOD)
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Environmental and Social Aspects of Road Traffic

Road transport contributes significantly to urban environmental degradation,
generating vehicular tailpipe emissions (CO2, NOx, PM2.5, PM10), acoustic
noise pollution, microplastic tire dust, and urban heat island effects.

Traffic engineering interventions play a major role in environmental mitigation
by smoothing traffic flow (reducing stop-and-go acceleration), promoting
non-motorized transport (NMT), and enforcing low-emission zones.

@ Air Emissions: Idle engine idling at clogged signals increases carbon
monoxide and particulate pollution

@ Noise Pollution: Engine noise and horn abuse exceed permissible
residential decibel (dB) limits

e Mitigation Techniques: Signal synchronization (green wave) reduces
vehicle idling times

@ Arboriculture & Barriers: Planting roadside trees and installing acoustic
barriers along expressways
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Modern Technology: Intelligent Transportation

Systems (ITS)

Intelligent Transportation Systems (ITS) combine sensor technologies,
communications, data analytics, and control algorithms to manage traffic
operations in real-time.

Key ITS applications in modern smart cities include Adaptive Traffic Control
Systems (ATCS like SCATS/SCOOT), Variable Message Signs (VMS),
Automatic Number Plate Recognition (ANPR) for speed enforcement, and
FASTag electronic toll collection.

e Adaptive Traffic Signals (ATCS): Dynamically adjusts green phase timing
based on real-time loop/camera counts

o Variable Message Signs (VMS): Provides drivers real-time warnings on
traffic congestion, weather, and alternative routes

@ Automated Enforcement: ANPR cameras track red-light violations and
over-speeding automatically

@ Electronic Toll Collection (ETC): RFID FASTag system eliminates toll
plaza bottlenecks
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Economic Evaluation of Traffic Improvement Projects

Traffic engineering projects (flyovers, signal coordination, bypasses) require
substantial capital expenditure. Economic evaluation justifies these
investments by comparing financial costs against economic benefits over
project lifespans.

Primary economic benefits include Vehicle Operating Cost (VOC) savings,
travel time savings for passengers, and monetized reductions in accident
fatalities and injury costs.

@ Cost Factors: Capital construction costs, right-of-way acquisition, annual
maintenance costs

o Benefit Factors: Reduced fuel consumption (VOC savings), passenger
time savings, reduced accident costs

o Evaluation Methods: Benefit-Cost Ratio (BCR ; 1.0 required), Net
Present Value (NPV), Internal Rate of Return (IRR)

@ Social Return: Demonstrating return on public tax investments for
infrastructure improvements
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Integrated Case Study: Urban Arterial Traffic

Corridor Redesign

Consider a 5 km urban arterial corridor suffering from LOS E/F congestion,
high pedestrian crash rates, un-synchronized signals, and chaotic roadside
parking.

An integrated traffic engineering project applies: 1) Physical channelization
and removal of hazardous median openings, 2) Installation of adaptive
synchronized signals, 3) Dedicated footpaths and zebra crossings, 4) Off-street
parking management, and 5) Real-time VMS displays.

@ Problem: Severe congestion (LOS F), high conflict points, signal delay =
120s/intersection

@ Interventions: Channelization, 4-phase adaptive signal synchronization,
designated parking bays

@ Results: Corridor travel time reduced by 35%, average delay cut to
30s/intersection, LOS improved to C

@ Safety Improvement: Pedestrian conflict points eliminated; total annual
crashes reduced by 50%
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Unit 1 Comprehensive Summary and Review

Unit 1 has provided a complete foundation in Traffic Engineering across five
comprehensive lectures.

We covered Definition, Objectives, Scope & 3 E's (L1), Road User Factors &
Vision Cones (L2), Static/Dynamic Vehicular Traits & PCUs (L3), Driver
Reaction Time & PIEV Theory (L4), and Systems Frameworks, LOS, RSA, &
ITS (L5).

@ Lecture 1: Core Definition, 3 E's (Engineering, Enforcement, Education),
and Flow Equation g = k * v

@ Lecture 2: Physical/Mental User Characteristics, Cone of Vision, and
Pedestrian Speed (1.2 m/s)

o Lecture 3: Static Dimensions, Axle Loads, Braking Distance
(dp = v?/2gf), Off-tracking, and PCU (IRC:106)

o Lecture 4: PIEV Theory (Perception, Intellection, Emotion, Volition),
Reaction Time t = 2.5s, Lag Distance d; = 0.278Vt

@ Lecture 5: Systems Approach, Level of Service (A-F), Road Safety
Audits, TDM, and ITS Technology

@ Unit 1 Mastered! Next Unit: Unit 2 - Traffic Data Collection and Studies

Slide Creator DI04006081: Traffic Engineering



Lecture 2.6

2.1 Types and Need for Traffic Studies
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Introduction to Traffic Engineering Studies

Traffic engineering studies consist of systematic procedures for collecting,
analyzing, and interpreting empirical data related to traffic flow, vehicle
speeds, delays, accidents, and parking conditions.

Without accurate field data, engineers cannot make informed decisions
regarding geometric design, traffic control devices, highway improvements, or
safety measures.

@ Systematic collection of real-world road traffic data

@ Provides empirical evidence for highway design and management
o lIdentifies existing traffic bottlenecks and safety hazards

@ Forms the foundation for future traffic growth forecasting
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raffic Studies in Civil Engineering

Civil engineers require traffic data during all stages of a highway project—from
feasibility studies and preliminary planning to detailed geometric design and
operational management.

As vehicular populations increase rapidly on urban and rural road networks,
traffic studies help engineers allocate funds efficiently to improve high-priority
corridors.

Application Area Engineering Purpose

Structural Design Determining pavement thickness using traffic loads

Geometric Design Designing lane width, sight distance, and curve ra-
dius

Operational Efficiency | Evaluating intersection capacities and level of ser-
vice

Economic Planning Justifying investments in flyovers, bypasses, and
widening
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Primary Objectives of Traffic Data Collection

The primary goal of collecting traffic data is to understand the physical and
operational characteristics of traffic stream components (vehicles and road
users).

By measuring variables such as volume, speed, density, and headway, engineers
can evaluate current performance and predict future conditions under various
growth scenarios.

Quantifying current traffic demand across road networks
Assessing road capacity and level of service (LOS)

Diagnosing causes of congestion and traffic delays

Developing effective traffic management and control strategies
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Main Classification of Traffic Studies

Traffic studies are classified into several distinct categories based on the
specific operational parameter being measured.

Each study type addresses a specialized aspect of traffic behavior and provides
input parameters for specific engineering tasks.

‘ Traffic Studies ’

|

Volume Speed & O-D Parking Accident
Studies Travel Time Studies Studies Studies
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Traffic Volume and Flow Characteristics Studies

Traffic volume studies measure the number of vehicles passing a given point
on a roadway during a specified time interval.

Volume data reflects the actual demand placed on the highway facility and is
essential for determining pavement design, channelization, and signalization
requirements.

Measures flow rate in vehicles per hour (veh/h) or PCU/h
Identifies peak periods and hourly/daily variation patterns
Used to calculate Average Daily Traffic (ADT) and AADT

°
°
°
@ Essential for traffic signal phase design and intersection sizing
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Speed and Delay Studies Overview

Speed studies evaluate the velocity of vehicles under prevailing roadway and
environmental conditions.

Spot speed studies capture instantaneous speeds at specific locations, while
speed and delay studies evaluate travel times and congestion delays over entire
highway stretches.

@ Spot speed data used for setting realistic speed limits

o Evaluates geometric design appropriateness (superelevation, sight
distance)

@ lIdentifies locations experiencing excessive operational delays
@ Helps calculate travel time savings for economic evaluations
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Origin-Destination (O-D) Studies Overview

Origin-Destination surveys map the complete trip desires of road users by
recording starting points (origins) and ending points (destinations).

Unlike volume counts which show where traffic is currently traveling, O-D
studies reveal where drivers actually want to go.

Reveals travel desire lines across urban areas

Crucial for planning new bypasses, expressways, and arterial roads
Informs public transit network planning and route optimization
Helps evaluate potential traffic diversion to proposed facilities
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Parking and Pedestrian Studies Overview

Parking studies evaluate the demand for and supply of vehicle parking spaces
in urban commercial, industrial, and residential zones.

Pedestrian studies measure pedestrian volumes and crossing patterns to design
safe footpaths, zebra crossings, and pedestrian overbridges.

Parking accumulation, duration, and turnover analysis

Prevents traffic congestion caused by double parking and curb cruising
Pedestrian volume counts at intersections and mid-block crossings
Designing footpaths, pedestrian refuges, and signal phases
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Accident and Safety Studies Overview

Accident studies involve recording, analyzing, and identifying high-frequency
accident locations known as crash blackspots.

By investigating accident patterns, civil engineers can implement targeted
countermeasures to reduce crash frequency and severity.

Engineering Enforcement

Traffic Safety

Education Emergency

o

/
The 4 Es of ’
\
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Integration of Traffic Studies in Highway Planning

Modern highway planning requires an integrated approach where multiple
traffic studies are conducted simultaneously.

Combining volume, speed, O-D, parking, and accident data provides a
comprehensive picture of transportation network health.

@ Multi-modal data integration for urban master plans

@ Environmental impact analysis (noise, air pollution emissions)
@ Economic feasibility analysis (Benefit-Cost ratio calculation)
@ Prioritization of capital investments in road infrastructure
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Summary & Key Takeaways

Traffic engineering studies provide the essential empirical foundation for
designing, operating, and managing highway networks.

Understanding the specific purpose and output of each study type enables
diploma civil engineers to select appropriate field survey methods for real-world
engineering projects.

@ Traffic studies replace guesswork with scientific field data

o Five major study types: Volume, Speed, O-D, Parking, and Accident

@ Data directly informs pavement design, geometric layout, and traffic
signals

@ Integrated studies are essential for sustainable urban transport planning
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Lecture 2.7

2.2 Traffic Volume Studies
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Definition and Significance of Traffic Volume

Traffic volume represents the quantity of traffic moving along a road segment
during a specified observation interval (e.g., 15 minutes, 1 hour, or 24 hours).

It serves as a primary measure of highway utilization and is crucial for
evaluating whether an existing roadway meets current traffic demand.

Quantifies vehicle throughput on road sections and intersections
Expresses traffic intensity across different time periods

Identifies peak traffic hours and congestion thresholds

Essential input for structural pavement thickness calculations
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Purpose and Applications of Traffic Volume Data

Traffic volume data is utilized across planning, design, regulatory, and
management domains in civil engineering.

Engineers rely on volume statistics to justify road widening, allocate
construction priorities, and evaluate the economic return on transportation
infrastructure.

@ Designing pavement structures based on cumulative standard axles
@ Sizing geometric elements (number of lanes, turning lanes)

@ Warrants for installing traffic signals, stop signs, or roundabouts

@ Planning urban transport networks and bypass routes
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Units of Traffic Volume

Depending on the duration and purpose of measurement, traffic volume is
expressed in various standard units.

Short-term volume is expressed in vehicles per hour (veh/h), whereas
long-term planning utilizes daily average metrics.

@ Vehicles per Hour (veh/h): Used for operational analysis and signal design

@ Passenger Car Units per Hour (PCU/h): Accounts for mixed vehicle types

@ Average Daily Traffic (ADT): Average 24-hour volume over a test period
(i 1 year)

@ Annual Average Daily Traffic (AADT): Total annual volume divided by
365 days
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Concept of Passenger Car Unit (PCU

Indian traffic is characteristically heterogeneous, comprising two-wheelers,
auto-rickshaws, cars, buses, trucks, and non-motorized vehicles sharing the
same carriageway.

Because different vehicle classes occupy varying road space and exhibit
different speeds and acceleration characteristics, traffic volume cannot be
expressed by simple vehicle counts.

The Passenger Car Unit (PCU) converts all vehicle categories into an
equivalent number of standard passenger cars.

o Standardizes mixed traffic streams into a uniform equivalent metric
@ 1 PCU represents the impact of one standard passenger car

o Larger/slower vehicles have PCU ; 1; smaller vehicles have PCU j 1
@ Mandatory metric for highway capacity analysis under IRC standards
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Factors Affecting PCU Values

PCU is not a constant value for a vehicle class; it dynamically varies depending
on roadway characteristics, traffic stream composition, and environmental
conditions.

Understanding these factors enables engineers to apply accurate PCU factors
for urban streets versus rural highways.

Vehicular Dimensions Dynamic Char.
(Width, length) (Speed, accel.)

Factors

Affecting PCU

Roadway Geometrics Traffic Conditions
(Gradient, lane) (Flow density)
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Recommended IRC PCU Values (IRC:106 / IRC:64)

The Indian Roads Congress (IRC) provides standardized PCU conversion
factors for rural highways (IRC:64) and urban roads (IRC:106).

Engineers multiply the count of each vehicle category by its designated PCU
factor to determine total traffic flow in PCU/hour.

Vehicle Type Urban (IRC:106) | Rural (IRC:64)
Passenger Car 1.0 1.0

Auto Rickshaw 0.5-0.75 -
Two-Wheelers 0.5 0.75

Bus / Heavy Truck 3.0 3.0

LCV 15 15
Bicycle 0.5 0.5
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Average Daily Traffic (ADT) vs Annual Average

Daily Traffic (AADT)

ADT is the total volume during a given time period (greater than 1 day and
less than 1 year) divided by the number of days in that period.

AADT is the total volume passing a point in a full year divided by 365 days,
accounting for all seasonal, monthly, and day-of-week fluctuations.

@ ADT measured over 7-day or 14-day counts for routine design

@ AADT accounts for holiday seasons, harvest periods, and weather impacts

@ AADT used for economic feasibility, accident rate normalization, and
revenue modeling

@ Seasonal adjustment factors applied to convert ADT to estimated AADT
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Temporal Variations in Traffic Volume

Traffic volume fluctuates continuously across different time scales: hourly
variations during a day, daily variations across a week, and seasonal variations
throughout the year.

Understanding these patterns allows engineers to schedule traffic counts
during representative periods and design for true peak conditions.

@ Hourly Variation: Morning peak (office/school) and evening peak hours

o Daily Variation: Higher commercial traffic on weekdays, leisure traffic on
weekends

@ Seasonal Variation: Harvest seasons, festival peaks, monsoon dips

@ Volume trend curves used to identify design peak hours
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Peak Hour Volume and Peak Hour Factor (PHF)

Peak Hour Volume (PHV) is the maximum number of vehicles passing a point
during 60 consecutive minutes.

To measure traffic flow concentration within the peak hour, engineers
calculate the Peak Hour Factor (PHF) using 15-minute sub-intervals.

1%
[ PHF = 4 X V15max }

Where:
V = Total hourly volume (veh/h)
Vismax = Maximum 15-minute volume during the hour

Key Values:
® Ranges from 0.25 (congested burst) to 1.00 (uniform flow)
e Typical urban peak: 0.85 to 0.95
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Directional Distribution and Lane Distribution

Traffic flow is rarely equal in both directions; during peak hours, directional
split can reach 60:40 or 70:30 towards central business districts.

Lane distribution analysis measures how multi-lane highways distribute traffic
across outer, middle, and shoulder lanes.

@ Directional Split Ratio (D): Expressed as percentage of traffic in major
direction

@ Crucial for designing divided carriageways and tidal flow (reversible) lanes

@ Lane utilization varies with heavy vehicle percentages and interchange
ramps

@ Informs placement of directional signage and overhead lane controls
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Summary & Key Takeaways

Traffic volume is the fundamental measure of highway demand, expressed in
veh/h, PCU/h, ADT, or AADT.

Passenger Car Units (PCU) convert heterogeneous mixed traffic into standard
equivalent units according to IRC guidelines.

@ Volume quantifies road utilization and pavement loading

@ PCU standardizes mixed traffic streams (Cars=1, Buses/Trucks=3,
2-Wheelers=0.5)

@ Peak Hour Factor (PHF) evaluates traffic flow uniformity within peak
hours

@ Temporal and directional variations dictate highway design capacity
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Lecture 2.8

2.3 Origin-Destination Studies
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Definition and Concept of Origin-Destination (O-D)

Studies

An Origin (O) is the location where a trip begins, and a Destination (D) is the
point where a trip ends.

An O-D study collects detailed information about trip origins, destinations,
travel routes, trip purposes, modes of travel, and mid-trip stops.

Captures the true spatial pattern of human and freight movement
Tracks travel desire independent of existing highway routes

Identifies trip purpose (work, education, shopping, social)

Measures multi-modal travel behavior across transportation networks
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Purpose and Necessity of O-D Surveys

Traditional volume counts only measure traffic on existing roads, failing to
show how traffic would redistribute if a new highway or bypass were
constructed.

O-D studies provide fundamental data required to plan new arterial roads,
expressways, mass transit lines, and urban ring roads.

Determining true traffic desire lines across urban areas

Evaluating bypass feasibility for bypassing city centers

Planning mass rapid transit systems (Metro, BRTS)

Developing travel demand forecast models (4-step transport modeling)
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Planning and Defining Study Area & Cordon Lines

Before starting an O-D survey, engineers establish a study area boundary
known as the External Cordon Line.

The cordon line encompasses all urbanized areas and anticipated growth
corridors expected within the planning horizon (e.g., 20 years).

External Cordon Line: Encloses the entire metropolitan study region
Intersects all major entry/exit highway routes

Must be clearly defined along natural or artificial barriers (rivers, railways)
Enables tracking of internal, external-internal, and through traffic
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Traffic Zoning System (Zones and Ce

To process O-D data, the study area inside the cordon line is divided into
smaller geographical sub-areas called Traffic Analysis Zones (TAZs).

Each zone is assumed to generate and attract trips from a single central point
called the Zone Centroid.

@ Internal Zones: Subdivisions within the external cordon boundary

@ External Zones: Geographic areas lying outside the cordon boundary

@ Zone Boundaries: Follow major roads, rivers, ward boundaries, or rail lines

@ Zone Centroid: Mathematical center representing trip
generation/attraction point
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Boundary Screen Lines and Cut Lines

Screen lines are imaginary lines dividing the study area into two large sections,
usually drawn along physical barriers like rivers, canals, or railways.

Screen line checks compare total ground counts of vehicles crossing the barrier
against the expanded O-D survey trip totals to verify survey accuracy.

Screen Line: Divides internal study area into major sectors

Cut Line: Crosses specific corridors to validate sub-area assignment
Serves as a calibration mechanism for survey sample expansion factors
Acceptable error threshold between ground counts and expanded O-D:
+10%
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Types of Trips in O-D Analysis

Trips identified in O-D surveys are categorized based on their origins and
destinations relative to the external cordon boundary.

Categorizing trip types helps engineers distinguish local urban traffic from
regional transit traffic.

oe , interrfal Area™~ _ Yoo
@ I-I: Origin & destination inside /' \‘
@ I-E: Origin inside, destination 3 00\} '
outside ! o0 !
B . . 1 1
o E-I: Origin outside, | h

destination inside oe— N\ei oe e,
e E-E: Through traffic \\\)-D \/\.D

External Area
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Applications in Highway Network Planning

O-D survey data forms the empirical foundation for strategic transport
network development.

Engineers analyze the O-D matrix to identify high-density traffic corridors
requiring major infrastructure upgrades.

@ Sizing arterial roads and urban expressways based on travel demand

@ Locating major interchanges, flyovers, and elevated corridors

o Evaluating economic benefits of multi-modal transportation corridors

o Simulating traffic assignment under future master plan land-use scenarios
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Bypasses and Ring Road Planning

Constructing a bypass around a congested city center is justified only if a
significant portion of total entry traffic consists of through traffic (E-E trips).

O-D studies establish the exact percentage of through traffic, ensuring public
funds are invested in viable bypass projects.

E-E Traffic Bypass Justification | Solution / Impact

High (> 30%) | Strongly justified Viable bypass project
Low (< 10%) | Not justified (will fail) | Urban street widening

Ring roads serve through traffic AND peripheral movements

Reduces heavy freight congestion in residential /commercial hubs
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Public Transport Route Planning using O-D Data

Public transport operators use O-D patterns to structure bus routes, frequency
schedules, and transit stops.

Aligning transit routes directly along high-volume desire lines maximizes
passenger patronage and operational revenues.

@ Identifying major commuter origin clusters and employment destination
hubs

@ Planning Metro Rail alignments and Bus Rapid Transit (BRTS) corridors

@ Designing feeder bus routes connecting suburb zones to transit stations

@ Optimizing fleet size and dispatch frequencies for peak transit hours
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Data Accuracy, Sampling, and Checks

Because surveying 100% of travelers is impossible, O-D surveys rely on
statistical sampling techniques.

Sample expansion factors must be computed carefully, and rigorous accuracy
checks applied using screen line counts.

Key Parameter Typical Value / Strategy

Roadside Interview Sampling  10% to 20%

Home Interview Sampling 3% to 5%

Total Ground Traffic Volume
Sampled Vehicles

Expansion Factor
Consistency Checks Compare with census & demographic data

Error Minimization Address non-response bias & sampling errors
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Summary & Key Takeaways

Origin-Destination studies capture true travel desire lines, independent of
current road network limitations.

O-D data is essential for planning bypasses, ring roads, mass transit systems,
and master plan transportation networks.

@ O-D tracks start points, end points, routes, and trip purposes

@ Study areas are bounded by External Cordons and divided into TAZs
@ Screen line counts validate sample expansion accuracy

@ Through traffic (E-E trips) determines bypass feasibility
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Lecture 2.9

2.4 Speed Studies




Fundamental Concepts of Speed in Traffic

Engineering

Speed is one of the three primary traffic stream variables, along with traffic
volume (flow rate) and traffic density.

In traffic engineering, speed measurements reflect road quality, driver
satisfaction, vehicle performance, and level of service (LOS).

Primary indicator of highway operational performance

Inversely proportional to travel time and traffic density

Directly influences stopping sight distance and accident severity
Key parameter for setting speed limits and timing signals
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Spot Speed: Definition and Practical Importance

Spot Speed is the instantaneous speed of a vehicle as it passes a specific
specified spot or cross-section of a roadway.

Spot speed measurements are used to analyze speed distributions, establish
speed limits, and design geometric elements at specific locations.

Measured over a short distance (e.g., 15 to 50 meters)

Reflects driver behavior under prevailing local highway conditions
Used for redesigning dangerous curves, intersections, and school zones
Forms the baseline for evaluating traffic enforcement effectiveness

Slide Creator DI04006081: Traffic Engineering 106 / 547



Running Speed vs Journey Speed (Travel Speed)

Running Speed excludes stopped delays, while Journey Speed includes all
delays encountered along the route.

Metric Running Speed Journey (Travel) Speed
Time Used | Running Time (moving | Total Journey Time (in-
only) cludes stops)

Formula Total Tim]gljtsatléi)eped Delay Total ?;Sutlzlecye Time

Value Always higher Always lower (or equal if no
stops)

Indicator Vehicle performance Overall corridor efficiency

@ Large gap between running and journey speed indicates severe congestion

delays.
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Time Mean Speed vs Space Mean Speed

Time Mean Speed (V;) is the arithmetic mean, while Space Mean Speed (V5)
is the harmonic mean of speeds.

Feature Time Mean Speed (V) Space Mean Speed (V)

Definition Arithmetic mean of spot | Harmonic mean of speeds
speeds at a point over a length

Formula V= x4 Ve = simy

Magnitude | Always higher (V; > Vi) Always lower (Vi < V)

Relationship Vi=V,+ ”72 (Wardrop's Formula)
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Travel Time and Delay Definition

Travel time is the duration required by a vehicle to traverse a designated
highway segment.

Delay represents the extra time lost by a vehicle due to traffic interruptions,
geometric bottlenecks, or control devices.

o Fixed Delay: Occurs regardless of traffic volume (e.g., red signal phase,
stop signs)

@ Operational Delay: Caused by vehicle interactions, congestion, and
parking maneuvers

@ Stopped Delay: Actual time a vehicle remains completely stationary

@ Travel time surveys measure corridor efficiency and congestion costs
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Factors Influencing Vehicle Speeds on Highways

Vehicle operating speeds depend on physical driver capabilities, vehicle
mechanical limits, road geometry, traffic density, and weather conditions.

Engineers analyze these factors to design safe speed limits and uniform traffic
speeds.

@ Driver Characteristics: Age, gender, perception-reaction time,
aggressiveness

@ Vehicle Capabilities: Engine power, braking efficiency, vehicle type

@ Roadway Geometrics: Lane width, shoulder width, curvature, grade,
surface quality

@ Environmental Factors: Rain, fog, night visibility, roadside friction
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85th Percentile Speed: Safe Speed Limit Standard

The 85th Percentile Speed is the speed at or below which 85% of drivers
travel under free-flowing conditions.

122 I 85th Percentile :

Cumulative %
o1
(e)
I

—
wo ol
o T

40 50 60 70 80 90 100
Speed (km/h)

@ Reflects the collective judgment of reasonable drivers
@ Used universally to set realistic, self-enforcing speed limits

Slide Creator DI04006081: Traffic Engineering 111 /547



98th Percentile Speed: Geometric Design Baseline

The 98th Percentile Speed represents the speed below which 98% of vehicles
travel.

Because geometry must accommodate high-speed vehicles safely, IRC

mandates using the 98th percentile speed as the Design Speed for geometric
elements.

@ Used for designing highway curve radius and superelevation

@ Determines required Safe Stopping Sight Distance (SSD)

@ Determines Overtaking Sight Distance (OSD) requirements

@ Ensures fast vehicles navigate alignment features without instability
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15th Percentile Speed & 50th Percentile (Median

Speed)

The 15th Percentile Speed represents the lower speed boundary below which
only 15% of vehicles travel.

The 50th Percentile Speed (Median Speed) represents the midpoint of the
speed distribution.

o 15th Percentile Speed: Used to establish minimum speed limits on
expressways

@ Minimum speed limits prevent slow vehicles from causing rear-end crashes

@ 50th Percentile Speed: Measures central tendency of traffic stream speed

@ Used in signal timing synchronization along arterial corridors
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Speed Variation and Pace (10 km/h Pace)

The Pace is defined as the 10 km/h speed increment that contains the highest
proportion of observed vehicle speeds.

High concentration of speeds within a narrow pace indicates stable, uniform
traffic flow with minimal speed variance.

@ Pace Range: e.g., 50 km/h to 60 km/h on an urban arterial

@ Percent Vehicles in Pace: Percentage of sample driving within pace limits
@ Higher percentage in pace indicates lower crash potential

@ Speed dispersion (standard deviation) measures safety hazard
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Summary & Key Takeaways

Speed studies provide essential statistical parameters for highway geometric
design, safety management, and regulatory control.

Understanding percentiles (98th for design, 85th for speed limits, 15th for
minimum limits) is essential for diploma civil engineers.

@ Spot speed measures instantaneous velocity; journey speed includes delays

@ Space Mean Speed (Vs) harmonic mean j Time Mean Speed (Vt)
arithmetic mean

@ 98th percentile speed used for highway geometric design (SSD, OSD)

@ 85th percentile speed used for posting regulatory speed limits
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Lecture 2.10

2.5 Parking Studies




Growing Parking Problems in Urban Areas

In modern cities, available road space is limited while vehicular ownership
grows exponentially.

Uncontrolled parking encroaches on active carriageways, reduces effective
traffic width, creates sight obstruction hazards, and causes severe traffic
congestion.

@ Reduction of effective carriageway width and road capacity

Increased accident potential due to masked sight lines and curb
maneuvers

Environmental pollution from vehicles cruising for open spaces
Economic loss in commercial districts due to lack of customer parking
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Objectives and Need for Parking Studies

Parking studies evaluate the demand for and supply of parking spaces within a
defined commercial or residential area.

Data collected from parking surveys enables engineers to design new parking
structures, formulate pricing policies, and enforce regulations.

o Quantifying peak parking demand and spatial distribution

@ Determining parking duration and turnover rates

@ Designing on-street curb layouts and off-street multi-story garages
@ Evaluating economic fees and parking zone regulations
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Classification of Parking Facilities: On-Street vs

Off-Street

Parking facilities are categorized based on their location relative to the active
roadway carriageway.

Engineers evaluate whether traffic volume permits on-street curb parking or
necessitates dedicated off-street parking facilities.

Parking Facilities
On-Street (Curb) Off-Street
Degrades capacity Preserves flow

"

o Surface Lots
Parallel, 45°, 90 [Multi-Story GarageS}
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On-Street (Curb) Parking Layout Patterns

On-street parking is designed at various angles relative to the curb line:
Parallel, 30°, 45°, 60°, and 90° (Right-angle) parking.

The choice of parking angle depends on available street width, vehicle
maneuverability, and desired parking capacity.

Parallel Parking: Vehicles parked parallel to curb; safest for traffic flow
30° Angle Parking: Easy entry/exit; low parking capacity per length

45° Angle Parking: Popular compromise between ease of access and
capacity

60° Angle Parking: Higher capacity; requires wider roadway width

90° (Perpendicular) Parking: Maximum capacity per length; highest crash
risk
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Comparison of On-Street Parking Angles

Engineers select parking layout angles based on quantitative trade-offs
between space efficiency and road safety.

Angle parking allows easy head-in maneuvering but presents blind spots during
reverse egress into active traffic lanes.

Parking Type | Curb Length / Car | Road Width Req. | Traffic Obstruction
Parallel 6.0m-6.7m ~2.5m Low (Safest)

45° Angle ~3.5m ~4.5 m Medium

90° Angle ~25m ~6.0 m High (During reversing)
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Off-Street Parking Facilities

Off-street parking facilities isolate parking maneuvers from active roadway
corridors, protecting traffic capacity.

Modern off-street facilities incorporate automated access controls,
pay-and-display systems, and intelligent guidance signs.

o Surface Parking Lots: Low capital cost; requires large urban land area

@ Multi-Story Parking Garages: Stacked concrete structures maximizing
vertical space

@ Underground Basement Parking: Built beneath commercial complexes
and malls

@ Automated Mechanical Parking: Robotic elevator systems placing cars in
slots
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Key Parking Statistics and Parameters

Analyzing parking survey data requires standardized mathematical metrics to
express facility performance.

Engineers compute accumulation, volume, duration, turnover, and index
parameters to assess adequacy.

o Parking Accumulation: Total number of vehicles parked at a given time
instant

@ Parking Volume: Total count of vehicles parked over a specified
observation period

@ Parking Load: Cumulative vehicle-hours of parking stored (Area under
accumulation curve)

@ Peak Accumulation: Maximum count of parked vehicles recorded during
survey
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Parking Duration, Turnover, and Index Formulas

Parking Duration measures how long an individual vehicle remains parked.

Parking Turnover and Parking Index evaluate the efficiency and utilization
intensity of available parking bays.

Metric Formula Significance
. Total Parking Load (veh-hrs) .
Average Duration Total Parking Volume (veh) How long a vehicle stays

H Total Parking Volume (veh) . - ;. .
Parking Turnover Total Available Bays Efficiency/Utilization rate

. 0 Parking Accumulation . 0 .
Parking Index (%) | % aiabie Bays X 100 | ¢100% means over-capacity
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Methods of Parking Surveys

Engineers conduct parking surveys using fixed-period counting, registration
plate monitoring, or interview methods.

The chosen survey technique depends on required data precision, budget, and
facility size.

@ License Plate Count Method: Patrolling observers record plate numbers
at 15-30 min intervals

@ Parking Space Inventory: Physical mapping of all available on-street and
off-street bays

@ Curb Count Method: Simple tally of total parked cars at periodic intervals

@ User Interview Survey: Questionnaires gathering driver trip purpose and
walking distance
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Environmental & Economic Impacts of Parking

Congestion

Improper parking management causes cascading environmental and economic
costs in urban communities.

Traffic engineers design pricing mechanisms and time limits to discourage
long-duration commuter parking in retail zones.

@ Increased carbon emissions and fuel waste from vehicles hunting for
parking

@ Visual blight and obstruction of emergency vehicle response lanes

@ Variable pricing structures (peak rates) promote short-stay retail turnover

@ Park-and-Ride facilities at transit hubs encourage public transit usage
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Summary & Key Takeaways

Parking studies quantify parking load, accumulation, turnover, and duration to
guide urban parking design.

Selecting appropriate on-street parking angles or off-street structures balances
traffic safety against bay capacity.

@ On-street parking reduces road capacity; parallel parking is safest

@ Angle parking (45°, 60°, 90°) increases capacity but adds reversing
hazards

@ Key metrics: Accumulation, Volume, Load (veh-hrs), Duration, Turnover,
Index

@ Parking Index j; 100% signals facility overload and demand deficit
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Lecture 2.11

2.6 Accident Studies




Importance of Traffic Safety and Accident Studies

Accident studies aim to systematically identify why traffic crashes occur and
how engineering interventions can prevent future occurrences.

India accounts for a disproportionate share of global road traffic fatalities,
highlighting the urgent need for rigorous accident analysis and safety
engineering.

o lIdentifies high-risk collision locations (Blackspots) on road networks
@ Determines root contributing factors (Human, Vehicle, Road,
Environment)

Evaluates the safety effectiveness of engineering modifications

@ Provides statistical justification for traffic safety funding allocation
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Causes of Road Accidents (The Four Main Factors)

Road crashes rarely result from a single isolated cause; they usually involve
complex interactions between four major contributing factors.

Engineers analyze the relative contribution of each factor to design targeted
safety countermeasures.

Human

( 80-90%) Vehicle Road Environment

(5-10%) (5-15%) (Varies)
Brakes, Tires Geometry, Sight Rain, Fog, Ice

Speeding,
Distraction
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Objectives of Conducting Accident Investigations

Accident investigation gathers detailed factual evidence from crash scenes to
reconstruct events and diagnose roadway deficiencies.

Civil engineers focus on physical evidence such as skid marks, sight
obstructions, surface friction, and guardrail damage.

@ Reconstructing vehicle trajectory and collision speed from skid marks
@ Assessing structural damage to roadway furniture and vehicles

@ Identifying recurring collision patterns at specific intersections

o Filing standardized police and highway department crash reports
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Data Collection Procedures for Road Accidents

Accident data is collected from police First Information Reports (FIRs),
hospital records, and on-site engineering surveys.

Standardized crash report forms record location details, weather, road surface
condition, lighting, vehicle type, and driver demographics.

@ Police Crash Report Forms: Primary source of official accident records
@ GIS Crash Mapping: Geo-referencing accident coordinates on digital road

maps

@ In-depth Crash Investigation (IDCI): Specialized engineering inspection
teams

@ Hospital Emergency Records: Supplementing non-fatal unreported injury
data
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Condition Diagrams: Purpose and Components

A Condition Diagram is a scaled physical drawing showing all permanent
physical features of an accident location or intersection.

It provides a visual map of physical conditions that might influence driver
behavior or obscure sight lines.

@ Roadway Geometrics: Pavement width, lane alignment, gradients, curb
radii

@ Physical Obstructions: Trees, signs, buildings, hedges blocking sight
distance

@ Control Devices: Traffic signals, stop signs, warning signs, pavement
markings

@ Road Surface: Pavement type, potholes, drainage grates, shoulder
condition
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Collision Diagrams: Preparation and Interpretation

A Collision Diagram is a schematic diagram showing the direction of
movement, collision type, and time of all accidents occurring at a location
over a given period (e.g., 3 years).

Standardized symbols represent different collision types, such as head-on,
rear-end, angle, sideswipe, and pedestrian crashes.

Uses arrows to indicate vehicle direction of approach and collision paths
Displays crash date, time of day, weather, and severity code

Clusters of identical crash types pinpoint specific engineering flaws

e.g., Heavy rear-end crashes suggest inadequate signal amber timing
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Analysis of High Accident Locations (Blackspots)

An Accident Blackspot is a highway location (intersection or road section)
exhibiting a statistically higher crash frequency or severity than average.

Blackspots are prioritized for urgent engineering remedial measures to achieve
maximum safety benefit per rupee spent.

o Identification Criteria: e.g., 5 or more fatal/serious crashes within 500 m
in 3 years

@ Weighted Severity Index (WSI): Assigns higher weight to fatal crashes
over minor injuries

@ Ranking blackspots across national, state, and urban road networks
o Developing site-specific countermeasure plans
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Statistical Measures of Accident Rates

To compare safety performance across road segments with varying traffic
volumes, raw crash counts must be converted into normalized accident rates.

Engineers compute crash rates per million entering vehicles (for intersections)
or per 100 million vehicle-kilometers (for road links).

Measure Formula Variables
. 6 .
Intersection Rate Rine = % A = Annual Accidents, Vg,i, = ADT
aily
: __ Ax10® _
Link Rate Riink = T Ve L L = Segment Length (km)

Normalizing by volume prevents busy roads from appearing falsely unsafe.
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The 4 Es Approach to Traffic Safety

Achieving sustainable road safety requires a holistic strategy encompassing
four core pillars known as the 4 Es.

Civil engineers lead the Engineering component while collaborating with
police, educators, and medical personnel.

Engineering
Safe Roads

Enforcement

Emergency

Care Police

Education
Training
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Highway Safety Audit (HSA) Overview

A Highway Safety Audit (HSA) is a formal, independent safety evaluation of a
highway project during its design, construction, or operational phase.

HSA proactively identifies potential crash hazards before roads are opened to
traffic, preventing costly retrofits.

@ Proactive safety tool applied at feasibility, draft design, and completion
stages

@ Conducted by an independent team of certified safety auditors

@ Evaluates roadside hazard management, clear zones, and sign legibility

@ Reduces long-term accident potential and municipal liability
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Summary & Key Takeaways

Accident studies combine field investigation, condition/collision diagrams, and
statistical rates to eliminate crash blackspots.

Applying the 4 Es framework and Road Safety Audits creates forgiving road
infrastructure that protects vulnerable road users.

e Four crash factors: Human (majority), Vehicle, Road, Environment

@ Condition diagrams map physical features; Collision diagrams map crash
vectors

@ Blackspots identified by IRC/MoRTH crash frequency and severity
thresholds

@ 4 Es: Engineering, Enforcement, Education, Emergency response
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Lecture 2.12

2.1 Types and Need for Traffic Studies
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Planning and Framework for Traffic Data Collection

Successful field surveys require structured planning, including defining study
objectives, selecting appropriate sample sizes, training personnel, and ensuring
field safety.

Engineers prepare detailed work plans specifying survey station locations,
equipment calibration protocols, and weather contingency procedures.

Defining precise spatial and temporal survey boundaries
Selecting appropriate counting intervals (5-min, 15-min, 1-hour)
Safety protocols for field survey crews working on active carriageways

°
°
°
@ Pre-survey pilot testing of equipment and tally sheets
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Manual vs Automated Data Collection Methods

Traffic data collection methods are divided into manual observational
techniques and automated sensor-based technologies.

Selecting between manual and automated methods involves evaluating
accuracy requirements, survey duration, labor availability, and budget

constraints.

Feature Manual Methods Automated Methods

Cost Low initial cost Higher equipment capital cost

Duration Short-duration (peak hours) Continuous 24/7 operation

Limitations | Human fatigue, weather de- | Higher cost, subject to power
pendent loss

Best For Complex vehicle classification Long-term AADT monitoring
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Pneumatic Tube Counters and Inductive Loop

Detectors

Pneumatic tube counters compress air pulses when vehicle tires cross flexible
rubber tubes laid across the roadway, recording axle counts.

Inductive loop detectors embedded in the road pavement detect changes in
magnetic inductance caused by metallic vehicle bodies passing overhead.

@ Pneumatic Tubes: Portable, temporary installation; divides axle count by
2 (can miscount multi-axle trucks)

@ Inductive Loops: Permanent installation, highly accurate for volume and
occupancy measurement

@ Loop configuration: Quadrupole or dual-loop systems measure vehicle
speed and length

@ Subject to damage during asphalt resurfacing operations
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Radar, Lidar, and Ultrasonic Sensors in Traffic Data

Non-intrusive sensor technologies collect traffic data overhead or from roadside
poles without physically cutting into the road pavement.

Technology | Mechanism Key Capability

Radar Emits radio waves Highly accurate spot speed and
volume tracking

Lidar Light Detection & Ranging | High-precision 3D profiling for
classification

Ultrasonic Emits high-frequency sound | Detects vehicle presence in specific
lanes

Non-intrusive setup eliminates traffic disruption during sensor installation and
maintenance.
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Video Image Processing and Computer Vision

Video Image Processing Systems (VIPS) use digital cameras coupled with
computer vision Al algorithms to analyze traffic streams in real time.

VIPS can simultaneously perform multi-lane vehicle counting, classification,
speed detection, queue measurement, and incident detection.

@ Real-time video analytics replacing multiple physical point sensors

@ Automatic vehicle classification (2-wheelers, cars, buses, heavy trucks)

@ Detects wrong-way driving, stopped vehicles, and queue lengths

@ Performance degraded by severe lens glare, fog, heavy rain, or night
shadows
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GPS Probe Vehicle Data and Mobile Location Data

Probe vehicle techniques utilize floating vehicles equipped with GPS
transponders or mobile location data from smartphones to track traffic flow
speeds.

Aggregating probe vehicle GPS traces yields continuous, network-wide travel
time metrics without installing fixed physical sensors.

@ Provides real-time average travel speed across entire city road networks
@ Powers commercial navigation maps and dynamic routing apps

Enables historical bottleneck identification and travel time variability
analysis

@ Requires privacy protection anonymization protocols for location tracks
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Sampling Techniques in Traffic Engineering Surveys

Because counting or interviewing 100% of vehicles is impractical, traffic
surveys rely on rigorous statistical sampling techniques.

{ Sampling Techniques }

Random Stratified Cluster
Equal probability Fixed proportions Specific intersections

Important: Engineers must avoid sample bias (e.g., over-sampling the fast
lane or specific peak windows).
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Sample Size Determination and Statistical Reliability

Determining the minimum required sample size ensures survey results fall
within acceptable confidence intervals (e.g., 95% confidence level).

Sample size depends on speed variance, desired level of precision, and standard
deviation of traffic variables.

@ Formula for Spot Speed Sample Size: N = (S x Z/E)?

e N = Minimum sample size; S = Standard deviation of speeds (km/h)
e Z = Standard normal statistic (1.96 for 95% confidence)

@ E = Permissible error tolerance (e.g., 1.5 km/h)

@ Higher variance in traffic speeds mandates larger sample sizes
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Data Cleaning, Processing, and Quality Control

Raw traffic survey data collected in the field contains errors, missing records,
double counts, and equipment anomalies.

Rigorous quality control protocols filter outliers and normalize data before
populating engineering databases.

@ Outlier Filtering: Removing unrealistic speeds (e.g., 200 km/h errors)

@ Data Imputation: Estimating missing periods using daily variation curves

@ Logical Checks: Ensuring sum of lane volumes equals total approach
volume

@ Database Storage: Structuring time-series traffic data for GIS analysis
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Integration of GIS and Remote Sensing in Traffic

Analysis

Geographic Information Systems (GIS) provide a powerful spatial framework
for visualizing, analyzing, and mapping traffic survey data.

Combining traffic volume, speed, and crash layers in GIS enables dynamic
spatial query and corridor performance mapping.

@ Mapping traffic volume densities across road networks

@ Spatial overlay of accident locations with road geometric attributes

@ Remote Sensing drone imagery for parking accumulation and queue
length mapping

@ Interactive dashboard reporting for municipal traffic managers
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Summary & Key Takeaways

Modern traffic studies combine physical sensors, computer vision, GPS probe
data, and statistical sampling to gather high-precision traffic data.

Understanding sensor principles, sampling equations, and GIS integration
prepares diploma engineers for modern digital traffic management.

@ Intrusive sensors (loops, tubes) vs Non-intrusive sensors (radar, Lidar,

video)

@ Video Al processing provides comprehensive real-time multi-modal traffic
data

@ Sample size N = (S x Z/E)? ensures statistical reliability at 95%
confidence

o GIS integration enables spatial visualization of volume, speed, and safety
layers
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Lecture 2.13

2.2 Traffic Volume Studies




Manual Traffic Volume Counting Method

Manual counting involves trained human enumerators stationed at field
stations recording passing vehicles on standardized tally sheets or mechanical
hand counters.

Manual counting is uniquely suited for complex urban intersections where
vehicle classification and turning movement directional counts are
simultaneously required.

@ Enumerators record vehicle counts by type and direction of movement
@ Uses 5-minute or 15-minute sub-interval tally sheets

o Essential for turning movement counts (Left-turn, Through, Right-turn)
@ Shift rotation required every 2 hours to maintain counter accuracy
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Equipment and Tally Sheets for Manual Counts

To streamline manual counting, field observers utilize multi-tally mechanical
counters, electronic hand-held tally boards, or specialized mobile tally apps.

Standardized tally sheets record location metadata, weather, observer ID,
count interval, vehicle classification categories, and movement arrows.

@ Mechanical Key Tally Counters: Multi-button banks for fast finger
tapping

@ Electronic Tally Boards: Digitally logs timestamps and vehicle categories

o Tally Sheet Layout: Organized by vehicle classes matching IRC guidelines

@ Pre-survey calibration and synchronizing observer watches across stations
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Automatic Traffic Counter and Classifier (ATCC)

Automatic Traffic Counter and Classifier (ATCC) systems utilize sensors to
count and classify passing vehicles continuously without human intervention.

ATCC systems process vehicle wheelbases, axle counts, or electromagnetic
signatures to categorize vehicles according to IRC classes.

@ Deploys combination of inductive loops, piezoelectric axle sensors, or
radar

o Calculates vehicle classification based on axle spacing and overall length

o Operates continuously for 7-day, 30-day, or permanent annual counting

@ Transmits real-time volume data via cellular telemetry to central servers
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Moving Observer Method for Volume & Speed

Estimation

Developed by Wardrop and Charlesworth, the Moving Observer Method
(Floating Car Technique) enables simultaneous measurement of traffic volume
and travel speed along a corridor.

A test vehicle makes multiple round trips along a highway section, recording
vehicle counts met, vehicles overtaking, and test vehicle travel times.

Test vehicle travels against traffic stream (trip 1) and with stream (trip 2)
Key Variables: m = Vehicles met; ny = Vehicles overtaking test car - test
car overtaking others

ta = Travel time against stream; tw = Travel time with stream

Traffic Volume Formula: g = (m + ny) / (ta + tw)

Average Journey Time Formula: t_bar = tw - (ny / q)
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Presentation of Volume Data: Traffic Flow Maps

(Band Maps)

Traffic Flow Maps (Band Maps) present volume data graphically by drawing
band widths along highway alignments proportional to traffic flow magnitude.

Engineers use flow maps to instantly identify high-volume corridors, bottleneck
sections, and traffic accumulation patterns across a regional road network.

@ Band width drawn proportional to traffic volume in PCU/day or
PCU/hour

@ Thicker bands indicate heavy traffic demand; narrowing bands indicate
flow constriction

@ Directional flow maps show directional volume splits using divided bands

@ Provides intuitive spatial communication for city planners and politicians
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Presentation of Volume Data: Trend Charts &

Hourly Variation Graphs

Traffic volume data is plotted on hourly, daily, and annual trend line charts to
visualize temporal variations.

Bar charts and line graphs illustrate peak hour spikes, off-peak troughs, and
multi-year traffic growth trends.

@ Hourly Volume Profiles: 24-hour bar charts showing morning/evening
peaks

@ Daily Variation Charts: Monday through Sunday volume comparisons

@ Monthly / Seasonal Charts: Highlights agricultural harvest or holiday
spikes

@ Historical Growth Trend Curves: Evaluates annual traffic compounding
growth rates
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Isochronal Maps and Travel Time Isochrones

An Isochronal Map features contour lines (isochrones) connecting points of
equal travel time from a major central origin (e.g., city center).

Isochrones visualize urban accessibility and show how congestion delays distort
spatial travel time radii.

@ Isochrone line connects locations reachable within equal time (e.g., 15
min, 30 min)

@ Closely spaced isochrones indicate congested corridors or low travel speed

o Widely spaced isochrones along expressways indicate high accessibility

@ Used for evaluating public transit accessibility and emergency service
coverage
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Design Hourly Volume (DHV) Concept

Designing highways for the absolute maximum peak hour volume of the year is
economically wasteful, as that capacity would sit idle for 99% of the year.

Conversely, designing for average hourly volume causes severe traffic
congestion during peak periods.

Engineers select the Design Hourly Volume (DHV) as an economically
balanced capacity threshold.

@ DHV is a representative high peak hour volume used for geometric design

o Typically ranges between 8% and 15% of Annual Average Daily Traffic
(AADT)

@ Balances structural investment cost against traffic congestion delays

@ Determined from annual hourly volume ranking curves
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30th Highest Hourly Volume (30 HV)

When all 8,760 hourly volumes of a year are arranged in descending order, the
30th Highest Hourly Volume (30 HV) is selected by IRC as the standard DHV
for road design.

The slope of the hourly volume ranking curve changes knee-point sharply at
the 30th hour mark, offering maximum economic efficiency.

20

30 HV Knee-point
15--------=

10

Hourly Volume (% of AADT)

0 30 60 90
Number of Hours Volume is Exceeded
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Capacity Analysis and Level of Service (LOS) Basics

Highway Capacity is the maximum sustainable flow rate of vehicles passing a

point under prevailing roadway, traffic, and control conditions.

Level of Service (LOS) is a qualitative measure describing operational

conditions within a traffic stream, categorized from LOS A (free flow) to LOS

F (forced breakdown congestion).

LOS | Condition

Description

Free Flow

Reasonably Free Flow
Stable Flow
Approaching Unstable
Capacity Limit
Breakdown Flow

MmO O ® >

Complete freedom to maneuver

Minor maneuvering restrictions

Restricted lane changing (Urban Design Target)
High density, restricted speed

Operating at maximum volume

Stop-and-go gridlock congestion

Slide Creator DI04006081: Traffic Engineering




Summary & Key Takeaways

Traffic volume survey methods range from manual counting and ATCC
systems to the Moving Observer technique.

Presenting volume data via Traffic Flow Maps, Isochrones, 30 HV, and LOS
analysis enables civil engineers to design adequate highway capacity.

e Manual counts ideal for turning movements; ATCC for continuous 24/7
data

@ Moving observer method computes volume q and travel time t_bar
simultaneously

o Traffic flow band width represents volume magnitude spatially

@ 30th Highest Hourly Volume (30 HV) is the standard IRC design hourly
volume

o Level of Service ranges from LOS A (free flow) to LOS F (gridlock)

Slide Creator DI04006081: Traffic Engineering 163 / 547



Lecture 2.14

2.3 Origin-Destination Studies




Roadside Interview Method (Direct Survey)

The Roadside Interview method involves stopping vehicles at designated
survey stations along external cordon lines to directly interview drivers.

Survey teams record vehicle type, origin, destination, trip purpose,
intermediate stops, and commodity payload for commercial vehicles.

@ Conducted at external cordon stations crossing major highway
entries/exits

@ Sample rate: 10% to 20% of passing traffic stream

@ Requires police support, warning signs, and safe pull-over bays to avoid
traffic tailbacks

@ Yields highly accurate direct data for external-internal and through trips
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License Plate Matching Method

The License Plate matching method positions observers (or Automated
License Plate Recognition - ALPR cameras) at entry and exit stations across a
study cordon.

Observers record vehicle registration numbers along with exact arrival
timestamps at each station; matching plate records reveals travel paths and
travel times.

@ Zero traffic interruption; vehicles do not need to stop

@ Observers record middle or last 4 digits of license plates with timestamps
o Computer algorithms match entry and exit plate records across stations
@ Main limitation: Does not capture trip purpose or vehicle payload details
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Postcard / Questionnaire Return Method

In the Postcard survey method, prepaid return questionnaire cards are handed
to drivers as they pass cordon stations or toll gates.

Drivers fill out trip origin, destination, and purpose details at their convenience
and mail the card back to the highway department.

@ Very low field labor requirement; fast distribution at toll plazas

e Main disadvantage: Low response rate (typically 10% to 25%)

@ Response bias risk: Particular demographic groups may return cards at
higher rates

@ Requires statistical weighting to adjust for non-response bias
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Home Interview Survey Method

The Home Interview Survey is the most comprehensive O-D survey method for
major urban transport planning.

Trained enumerators visit a statistically selected sample of households (e.g.,
3% to 10%) within internal traffic zones to record all trips made by household
members on the previous day.

o Collects complete multi-modal travel details (walking, bus, metro, car,
2-wheeler)

@ Gathers household socio-economic data (income, car ownership, family
size)

o Captures internal-internal urban trips missed by roadside cordon stations

@ High cost and time intensive; requires skilled survey teams
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Tag / Sticker Method & Workplace Surveys

The Tag or Sticker method attaches color-coded adhesive tags to vehicle
windshields at entry cordon points; observers at exit points record tag colors
and exit times.

Workplace and Commercial Outlet Surveys distribute questionnaires at major

employment centers, factories, or shopping malls to capture work and retail
trips.

@ Tag Method: Excellent for small compact areas and quick through-traffic
checks

@ Workplace Surveys: Targeted survey of high-density trip attraction hubs

o Commercial Fleet Surveys: Interviews logistics managers for freight
movement

@ Complements roadside cordon counts by detailing special generator trips
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Mobile Location Data and Passive Cellular O-D

Tracking

Modern digital O-D studies utilize anonymized cellular tower handovers and
mobile app location data to track urban trip matrices passively.

Big data analytics aggregate millions of daily trips continuously, replacing
expensive manual home interview surveys with digital mobility metrics.

Provides massive sample sizes (;20% of population mobility)
Continuous 24/7/365 trip matrix tracking across seasons

Drastically reduces field survey time and labor expenses

Requires complex spatial algorithms to infer trip purpose and transport
mode
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Data Compilation and Construction of O-D Matrix

Raw O-D survey data is compiled into a two-dimensional grid table called the
Origin-Destination Matrix (O-D Table).

The matrix rows represent origin zones (i), columns represent destination
zones (j), and cell values (Tj;) represent total trips from zone i to zone j.

Origin Dest. | Zone 1 | Zone 2 | Zone 3 | Total (F;)
Zone 1 Tll T12 T13 P]_
Zone 2 T21 T22 T23 P2
Zone 3 T31 T32 T33 P3

Total (AJ) Al Ao Az Z T,'j
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Desire Lines: Definition, Construction & Meaning

A Desire Line is a straight line drawn on a map connecting the origin of a trip
to its destination, ignoring existing road network paths.

@ Straight line vector drawn directly from Zone i centroid to Zone j centroid
o Width of desire line drawn proportional to trip volume (Tj)
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Graphical Representation of Desire Lines

Desire line maps aggregate hundreds of zonal trip interchanges into visual
desire corridors.

Thick bundles of desire lines crossing urban centers indicate demand for heavy
mass transit corridors or elevated expressways.

@ Desire lines plotted using automated GIS software tools

@ Minor trip desire lines (j 100 trips/day) filtered out to avoid map clutter
@ Through-traffic desire lines bypassing city center justify bypass routes

@ Radial desire patterns indicate need for radial arterial expressways
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Practical Case Study: Urban Bypass Evaluation using

O-D Data

An O-D survey reveals that 42% of total entry traffic consists of through
vehicles (E-E trips) with neither origin nor destination in the city.

Bypass (E-E: 42%)

Entry AéOCa/ Exit B

~

(& )

= City
Center

(Congested) )

DTN
Entry C " (1 xit D

@ Bypass route alignment designed directly along major E-E desire line
vectors
@ Substantial reduction in urban emissions and travel time for freight
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Summary & Key Takeaways

O-D survey methods include roadside interviews, license plate matching, home
interviews, and passive cellular tracking.

O-D matrices and Desire Line diagrams provide the fundamental spatial
evidence required to design bypasses, ring roads, and mass transit corridors.

@ Roadside interviews capture external cordon trips; Home interviews
capture internal urban trips

@ O-D Matrix cell T_ij stores trip volume from Origin i to Destination j

@ Desire lines connect trip origins to destinations with line thickness
proportional to volume

@ Through traffic (E-E) desire line analysis determines urban bypass viability
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Lecture 2.15

2.4 Speed Studies




Spot Speed Survey Methods: Direct Timing

Direct timing is the simplest manual method for measuring spot speed over a
measured baseline trap distance (e.g., 30 meters to 50 meters).

An observer uses a stopwatch to measure the elapsed travel time (t) required
for a vehicle's front wheels to cross baseline entry and exit lines.

@ Base Trap Distance (L): 15 m (urban) to 50 m (rural high-speed
highways)

@ Spot Speed Formula: v = (L / t) x 3.6 (km/h)

o Parallax Error: Human visual sighting delay at entry and exit lines

@ Low capital cost; requires minimal equipment
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Spot Speed Measurement using Enoscope (Mirror

Box)

The Enoscope (or mirror box) is an L-shaped box containing a 45-degree
inclined mirror mounted on a tripod at one end of the speed trap baseline.

When a passing vehicle crosses the far baseline point, the observer sees the
vehicle reflection in the mirror, eliminating parallax sighting error.

@ Eliminates human parallax sighting errors during timing
@ Simple optical device requiring no electric power supply
@ Observer stationed opposite Enoscope at middle point of baseline trap
@ Inexpensive and highly suitable for diploma student field lab practicals
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Radar Speed Gun and Laser Lidar Measurement

Radar speed guns emit high-frequency microwave radio signals towards
approaching vehicles, measuring instantaneous speed via the Doppler
frequency shift effect.

Laser Lidar speed guns emit narrow infrared light pulses, calculating speed by
measuring pulse flight reflections; Lidar isolates individual vehicles in
multi-lane traffic.

@ Radar Gun: Uses Doppler effect (f_shift o speed); handheld or
vehicle-mounted

@ Cosine Error: Occurs if radar beam angle relative to vehicle path exceeds
10°

@ Laser Lidar: Extremely narrow beam; targets specific vehicles in crowded
lanes

o Widely deployed by highway police for automated speed limit enforcement
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High-Speed Video Camera & Automated License

Plate Recognition

Modern Intelligent Transportation Systems deploy high-speed digital video
cameras with Automated License Plate Recognition (ALPR) for automated
speed enforcement.

Point-to-Point (P2P) speed camera systems record vehicle timestamps at two
distant highway gantries, calculating average sectional speed.

o P2P Average Speed Enforcement: Detects drivers who slow down only
near fixed radar guns

@ High-definition video cameras capture night license plates using infrared
flashes

@ Automatic generation of traffic violation challans

@ Provides 24/7 continuous speed data collection for traffic monitoring
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Speed and Delay Study Objectives & Methods

Speed and Delay studies evaluate the quality of service along a highway
corridor by identifying locations, causes, and magnitudes of operational delays.

Data collected identifies traffic bottlenecks, evaluates signal synchronization
performance, and calculates travel time savings for highway widening projects.

@ Floating Car Method (Moving Observer): Test vehicle floats with traffic
stream

o License Plate Method: Matching arrival/departure times across corridor
checkpoints

@ Interview Method: Surveying drivers at terminal destinations about route
delays

o GPS Probe Vehicle Method: Logging continuous GPS speed profiles
along routes

Slide Creator DI04006081: Traffic Engineering



Floating Car Method (Moving Observer Method)

Review

In the Floating Car method, a test car equipped with observers drives along
the test section attempting to float with traffic (overtaking as many vehicles
as overtake the test car).

Role Primary Duties
Observer 1 | Logs timestamps at checkpoints and stopped delay times
Observer 2 | Counts vehicles met traveling in opposite direction (m)
Observer 3 | Counts vehicles overtaking test car (0) & overtaken by test
car (p)
Driver Attempts to "float” by balancing overtakes (n, =0 —p =
0)

Yields stream volume (g) and average journey time (%) per section.
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Causes of Traffic Delays (Fixed vs Operational)

Traffic delays are categorized into Fixed Delays and Operational Delays
depending on their primary source.

Distinguishing delay causes enables engineers to apply target solutions—such
as signal retiming for fixed delays or lane widening for operational delays.

Delay Category Characteristics Common Examples

Fixed Delays Independent of volume | Traffic signals, stop signs, rail
crossings

Operational Delays | Vehicle interaction High density, turning maneuvers

Curb Friction Roadside activity Double parking, bus stops, stalls

Geometric Delays Physical constraints Sharp curves, narrow bridges,
grades
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Cumulative Speed Distribution Frequency Curves

Spot speed data collected in the field is grouped into speed intervals (e.g.,
40-45 km/h, 45-50 km/h) to construct frequency distribution histograms.

Plotting cumulative percentage against upper speed class limits yields an
S-shaped Cumulative Speed Distribution Curve.
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Speed Distribution Frequency Histogram & Pace

A Frequency Histogram plots the percentage of vehicles observed in each
speed class against speed intervals.

The peak of the frequency curve represents the Modal Speed, while the 10
km/h band containing the maximum number of vehicles defines the Pace.

@ Modal Speed: Speed value corresponding to the peak frequency interval

@ 10 km/h Pace: Standard 10 km/h range containing highest vehicle
percentage

@ Percent Vehicles in Pace: Indicates speed uniformity (aim for ;70%)

@ Skewed distributions reveal speed distortion caused by slow heavy vehicles
or enforcement
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Applications of Speed Data in Traffic Management &

Safety

Speed data directly guides decisions across highway design, traffic regulation,
accident analysis, and environmental modeling.

Proper application of speed metrics improves road safety, optimizes fuel
consumption, and reduces vehicular emissions.

Setting regulatory maximum and minimum speed limits

Designing geometric sight distances (SSD, OSD) and curve superelevation
Synchronizing traffic signals along progressive green wave corridors
Evaluating speed reduction interventions (speed humps, rumble strips,
chicanes)

Calibrating traffic simulation software models (VISSIM, AIMSUN)
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Summary & Key Takeaways

Spot speed instruments include Enoscopes, Radar guns, Laser Lidar, and P2P
video cameras.

Cumulative speed curves provide the 98th, 85th, 50th, and 15th percentile
speeds essential for geometric design and traffic regulation.

@ Enoscope eliminates parallax error; Radar/Lidar measures instantaneous
spot speed

@ Floating car method measures corridor speed and operational delays

e Cumulative S-curve yields 98th (Design), 85th (Limit), and 15th
(Minimum) percentiles

@ 10 km/h Pace and Modal Speed evaluate traffic stream speed uniformity
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Lecture 3.16

3.1 Principles of Traffic Control Devices
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Definition and Functional Role of Traffic Control

Devices

Traffic control devices serve as the visual and auditory communication channel
between the roadway environment and the road user. Their primary function is
to promote highway safety and efficiency by providing for the orderly and
predictable movement of all road users.

Properly designed and placed control devices reduce traffic conflicts, minimize
driver hesitation, optimize intersection capacity, and significantly lower
accident frequency across urban and rural road networks.

@ Regulate traffic movements by establishing legal right-of-way rules

@ Warn road users of hazardous conditions on or adjacent to the roadway
@ Guide drivers along routes using clear directional and informational cues
@ Enhance overall roadway capacity and maintain uniform vehicle speeds
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Five Fundamental Requirements of Control Devices

To be effective, any traffic control device must satisfy five basic requirements
established in traffic engineering practice: fulfill a need, command attention,
convey a clear and simple meaning, command respect from road users, and
give adequate time for response.

Failure to satisfy any one of these criteria reduces the device's operational
effectiveness and may lead to driver confusion, non-compliance, or severe
traffic accidents.

Clear Command Time for
Meaning Respect Response

Command
Attention
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Functional Classification of Traffic Control Devices

Traffic control devices are broadly categorized based on their operational
nature into passive control devices and active control devices. Passive devices
convey messages continuously without changing state, whereas active devices
display dynamic messages.

Civil engineers must select the appropriate class of device based on traffic
volume, approach speeds, crash history, and the complexity of the roadway
geometry.

Category Examples & Description

Traffic Signs Regulatory, warning, and guide signs fixed
alongside or above roads

Road Markings Pavement lines, arrows, stop lines, and
painted channelization

Traffic Signals Power-operated light signals giving dynamic
right-of-way assignment

Islands & Furniture | Physical channelizing islands, bollards, and
delineators
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Principles of Uniformity in Traffic Control

Uniformity of traffic control devices simplifies the task of the driver because it
aids in recognition and understanding. It means treating similar situations in
the exact same manner across all highway systems.

Uniformity reduces driver perception-reaction time and reduces
decision-making latency. Consistency across national, state, and local road
networks is legally mandated through standards such as Indian Roads Congress
(IRC) specifications.

LR Dimensions of Uniformity----------- \
! |
. o g !
' Design Application !
! Standardized shape, Identical conditions |
! size, color, symbols warrant identical devices | |
! |
I 1
1 1
1 1
1 1
! Location Operation '
! Standardized positioning Consistent signaling X
I relative to line of sight sequences and logic '
1
I 1
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Human Factors and Driver Perception-Reaction Time

(PRT)

The effectiveness of any control device depends directly on human visual
acuity and psychological reaction time. Drivers require adequate distance to
detect, read, comprehend, decide, and act upon a traffic message.

The standard Perception-Reaction Time (PRT) used in Indian highway design
is 2.5 seconds (PIEV theory: Perception, Intellection, Emotion, and Volition).

Placement distances for control devices must account for design speed and
PIEV time.

@ Visual Cone of Focus: High-acuity vision limited to a 3 to 5 degree cone

@ Legibility Distance: Distance at which text or symbols can be clearly
deciphered

@ PIEV Process: Time required to perceive, comprehend, decide, and
execute action

@ Approach Speed Relation: Higher speeds require larger signs and earlier
placement
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Visibility, Contrast, and Target Value

Target value refers to the visual characteristic of a device that allows it to
stand out conspicuously against its surrounding background environment,
attracting driver attention daytime and nighttime.

High contrast between the symbol and sign background, as well as between
the sign and the surrounding roadside vegetation or urban clutter, is essential
for high target value.

@ Color Contrast: Standard high-contrast combinations (e.g., black on
yellow, white on red)

@ Luminance & lllumination: External lighting or internal illumination in
dark zones

@ Retroreflectivity: Microprismatic sheeting reflecting vehicle headlight rays
back to driver

o Environmental Clutter: Avoiding placement near competing commercial
billboards
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Legal Authority and Standardized Engineering

Warrants

Traffic control devices carry legal authority under the Motor Vehicles Act and
local traffic regulations. Unauthorized or informal control devices lack legal
enforceability and can create legal liability for road authorities.

Devices must only be installed after systematic engineering studies confirm
that specific engineering warrants (traffic volume, crash frequency, sight
distance restrictions) are met.

@ Legal Mandate: Motor Vehicles Act empowers designated traffic

authorities

@ Engineering Warrants: Numerical criteria determining when a device is
justified

@ Over-regulation Hazard: Excessive signs lead to disrespect and intentional
violations

o Liability Protection: Compliance with IRC standards protects agencies
against lawsuits
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Environmental and Operational Factors

Traffic control devices operate continuously under harsh environmental
conditions including intense solar radiation, heavy rain, dust, moisture, and
extreme temperature fluctuations.

Materials must be weather-resistant, corrosion-proof, anti-vandalism, and
mechanically durable to maintain optical performance and structural stability
throughout their design life.

@ Weather Durability: UV resistance, moisture sealing, and anti-fading
pigments

@ Structural Wind Loading: Wind pressure resistance for roadside posts and
gantries

@ Vandalism Protection: Anti-graffiti films and tamper-resistant mounting
hardware

@ Debris Accumulation: Resistance to road dust, mud splatter, and exhaust
soot
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Asset Management and Maintenance Principles

Regular maintenance is mandatory to preserve the legibility, retroreflectivity,
structural stability, and operational functionality of traffic control devices.

A neglected, damaged, obscured, or malfunctioning control device is more
hazardous than no device at all, as it misleads drivers and breaches driver
expectancy.

@ Routine Inspections: Nighttime retroreflectivity audits and daytime
physical checks

@ Vegetation Clearance: Trimming trees and bushes obscuring sign
sightlines

@ Cleaning Schedule: Periodic washing of sign faces and signal optical lenses

@ Rapid Replacement Protocol: Replacing knocked-down or damaged
critical signs
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Integrated Traffic Control System Concepts

Individual control devices must function as parts of a cohesive traffic control
system. Signs, markings, and signals must complement rather than contradict
one another.

For example, a stop sign on an approach must be paired with a transverse stop
line marking on the pavement and preceded by an advance stop warning sign
where sight distance is restricted.

o Complementary Pairing: Signs reinforced by matching pavement markings

@ Driver Expectancy: Aligning control systems with natural roadway
geometry cues

o Positive Guidance: Providing drivers with unambiguous information
step-by-step

@ System Continuity: Logical transitions from rural high-speed to urban
low-speed zones
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Summary of Principles of Traffic Co

In this lecture, we examined the foundational principles governing traffic
control devices in highway engineering.

By adhering to the five fundamental requirements, principles of uniformity,
IRC standards, and human factors, engineers ensure maximum safety and
traffic efficiency across transportation networks.

@ Control devices regulate, warn, and guide traffic via visual and dynamic
channels

o Five core requirements: Need, Attention, Meaning, Respect, and Time for

Response

Uniformity in design, application, location, and operation is essential

Driver PIEV time (2.5s) dictates device placement and legibility sizing

Routine maintenance and asset management ensure long-term device

performance
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Lecture 3.17

3.2 Traffic Signs




Classification of Traffic Signs (IRC:67)

Indian Roads Congress code IRC:67 classifies road traffic signs into three

distinct categories based on their operational function and legal obligation.

Each category uses specific shapes, borders, background colors, and symbol
formats so that drivers can instantly recognize the nature of the sign from a
distance even before reading the message.

Category Shape Function

Mandatory Circular Legal obligations and prohibitions
Cautionary Triangular (Apex up) | Warning of hazards ahead

Informational | Rectangular Guidance, routes, facility info

Special Signs | Variable Temporary work zone, variable messages
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Mandatory and Regulatory Signs: Purpose and

Features

Mandatory signs inform road users of specific laws, regulations, restrictions,
and prohibitions. Violation of mandatory signs is a punishable traffic offense
under the Motor Vehicles Act.

Except for two critical exceptions (STOP sign and GIVE WAY sign), all
mandatory signs are circular in shape with a red border, white or blue
background, and black symbols.

@ Shape: Circular (standard radius/diameter based on approach speed)

@ Color Code: Red circular ring/border, white background, black symbol
@ Prohibition Slash: Red diagonal cross-bar indicating prohibited actions
o Legal Weight: Enforceable by law enforcement agencies with penal fines
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Special Mandatory Signs: STOP and GIVE WAY

The STOP sign and GIVE WAY sign are the two most critical priority control
signs on road networks. Because of their supreme importance, they are
assigned unique geometric shapes.

Their unique outlines allow drivers approaching from opposing or cross-traffic
directions to recognize them even from the rear side, ensuring clear
right-of-way awareness.

STOP Sign GIVE WAY Sign
Mandates complete halt Yield right-of-way
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Key Categories of Mandatory Signs

Mandatory signs are subdivided into directional control signs, movement
prohibition signs, speed limit signs, and parking/standing restriction signs.

Drivers must obey these signs continuously throughout the zone marked by
the signs or up to the 'End of Restriction’ sign.

@ Prohibition Signs: No Entry, No Right Turn, No U-Turn, No Overtaking
@ Vehicle Class Restrictions: No Heavy Vehicles, No Pedestrians, No

Cyclists

@ Speed Limit & Load Limit: Maximum Speed (e.g., 50 km/h), Axle Load
Limit (e.g., 5t)

@ Compulsory Direction Signs: Compulsory Ahead, Turn Left, Keep Left
(Blue circle)
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Cautionary and Warning Signs: Characteristics

Cautionary signs warn road users of existing or potential hazardous conditions
on or near the roadway ahead. They advise drivers to reduce speed or exercise
extra caution.

All cautionary signs are equilateral triangles with the apex pointing upwards,
featuring a prominent red border, white background, and clear black warning
pictogram.

Shape: Equilateral Triangle with apex pointing vertically upward

Color Code: Red border, white background, black symbol/pictogram
Function: Early warning of alignment changes, physical hazards, or
cross-traffic

Advance Placement: Installed 50m to 120m ahead of hazard depending
on speed
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Common Cautionary Sign Symbols

Cautionary symbols are designed as intuitive pictograms that represent
physical road conditions without requiring lengthy text reading.

Drivers must recognize these symbols instantaneously under daytime and
nighttime driving conditions.

o Alignment Hazards: Sharp Curve (Left/Right), Hairpin Bend, Reverse
Bend

@ Road Geometry Changes: Narrow Road Ahead, Narrow Bridge, Gap in
Median

@ Intersection Warnings: Cross Road, Side Road Junction, T-Junction,
Roundabout

o Traffic Hazards: Pedestrian Crossing, School Ahead, Railway Crossing
(Guarded/Unguarded)
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Informational and Direction Signs

Informational signs guide drivers along routes, inform them of upcoming
destinations, distance to towns, route numbers, and location of roadside
services and facilities.

These signs are rectangular in shape. Background colors are standardized to
indicate the class of highway or type of facility.

Green Background Blue Background

NH / SH / Expressways  Urban & Facilities

Yellow Background White Background
Rural (PMGSY) Local Info / Tourist
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Directional, Advance Direction, and Re-assurance

Signs

Directional signage systems guide drivers seamlessly through complex
inter-city highway networks and urban interchanges.

They follow a logical sequence: Advance Direction Sign -; Intersection
Direction Sign -; Re-assurance Sign after the junction.

@ Advance Direction Sign: Placed 500m to 1km ahead of major highway
interchange

o Flag Sign / Intersection Sign: Located at the actual point of turn at
junction

@ Re-assurance Sign: Confirms route number and distance (km) to
upcoming towns

@ Route Marker Signs: Shield signs displaying National Highway (NH)
numbers
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Retroreflective Sheeting Materials and Standards

Modern traffic signs must be visible at night without dedicated external
lighting. This is achieved using retroreflective microprismatic sheeting applied
to aluminum backing plates.

Retroreflectivity redirects light from vehicle headlights straight back to the
driver's eye lens. IRC:67 specifies different ASTM sheeting types based on
highway class.

e Type lll (High Intensity Encapsulated Lens): Suitable for low-speed urban
streets

e Type IV & VIII (Microprismatic): Standard for State Highways and
National Highways

o Type Xl (Ultra-High Intensity Microprismatic): Used for Expressways and
overhead signs

@ Substrate Material: Composite Aluminum Panel (ACP) or high-grade
Aluminum sheet
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Sign Installation and Placement Geom

Improper placement compromises sign visibility, reduces reaction time, or
creates physical obstacles for errant vehicles.

IRC:67 specifies exact mounting heights, lateral offsets from the carriageway
edge, and tilt angles to eliminate headlight specular glare.

e Mounting Height: Minimum 2.0m (urban) and 1.5m (rural) from
kerb/shoulder crown

o Lateral Offset: 0.6m to 3.0m clear distance from outer edge of paved
shoulder

@ Specular Glare Tilt: Sign face turned 3 degrees away from 90-degree road
perpendicular

@ Overhead Clearance: Minimum 5.5m vertical clearance for gantries across
lanes
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Summary of Traffic Signs

In this lecture, we thoroughly covered the classification, design features, color
schemes, and installation specifications for traffic signs as per IRC:67.

Understanding sign geometry, retroreflective sheeting, and placement
principles enables civil engineers to design effective roadside signage.

e Mandatory Signs: Circular, red border; STOP (octagon) and GIVE WAY
(inverted triangle)

o Cautionary Signs: Triangular apex-up, red border, white background,

black symbol

o Informational Signs: Rectangular; Green (NH/SH), Blue (Urban), Yellow
(Rural)

@ Retroreflectivity: Microprismatic sheeting (Type IV, VIII, XI) for night
visibility

o Installation: Strict lateral offsets, mounting heights (1.5-2.0m), 3°
anti-glare angle
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Lecture 3.18

3.3 Traffic Signals




Operational Purpose and Advantages of Traffic

Signals

At busy intersections, uncontrolled vehicle movements lead to extreme
congestion, gridlock, and high collision risks. Traffic signals eliminate major
conflict points by allocating time slots to opposing approaches.

When properly designed and operated, signals provide orderly traffic
movement, increase intersection capacity, reduce right-angle collisions, and
provide crossing opportunities for pedestrians.

@ Orderly Flow: Eliminates driver aggressive negotiation at busy junctions

@ Conflict Elimination: Converts spatial intersection conflicts into time
separation

@ Crash Reduction: Significantly reduces right-angle and broadside collisions

@ Progressive Movement: Allows signal coordination along arterial corridors
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Disadvantages and Operational Limitations of Signals

Installing a traffic signal is not a universal solution for all intersection
problems. Improperly designed or unwarranted signals cause severe traffic
operational penalties.

Unwarranted signals create excessive vehicle delay, encourage route diversion
into residential side streets, foster driver frustration leading to red-light
running, and increase rear-end collision rates.

@ Increased Delay: Unnecessary stoppage during off-peak hours with low

traffic

@ Rear-End Collisions: Higher incidence of rear-end crashes due to sudden
stops

@ Red-Light Running: Driver non-compliance caused by excessively long
cycle times

o High Capital & Operational Cost: Electricity, control hardware, sensors,
maintenance
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Signal Head Components and Standard Aspect

Sequences

A standard traffic signal head consists of three circular optical lenses arranged

vertically: Red at the top, Amber (Yellow) in the middle, and Green at the
bottom.

The standard aspect sequence in India follows: RED — GREEN — AMBER —
RED. Each aspect conveys a legally binding directive to approaching drivers.

@ RED: Absolute mandate to stop behind line
o GREEN: May proceed straight or turn if clear
o AMBER: Warns red is imminent; stop or clear
o ARROW: Directional control for turn lanes
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Classification of Traffic Signals by Control Mode

Traffic signals are classified into three primary categories according to their
operational flexibility and control mechanism.

The selection of control mode depends on traffic flow predictability, volume
variability between peak and off-peak periods, and available control technology
budget.

@ Pre-Timed / Fixed-Time Signals: Operates on fixed, pre-programmed
signal timing plans

o Semi-Traffic-Actuated Signals: Detectors placed on minor side-street
approaches only

o Full Traffic-Actuated Signals: Detectors installed on all intersection
approaches

o Area Traffic Control Systems (ATCS): Network-wide computer
synchronized adaptive signals
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Pre-Timed (Fixed-Time) Traffic Signals

Pre-timed signals execute preset cycle lengths, green splits, and phase intervals
based on historical traffic count data. Multiple timing plans can be stored for
morning peak, evening peak, and off-peak periods.

They are simplest and cheapest to install, but cannot adapt to real-time
fluctuations, unpredicted traffic surges, or temporary blockages.

@ Operating Principle: Microprocessor clock repeats programmed cycle
times continuously

@ Best Suited For: Intersections with highly predictable, stable traffic flows

o Key Advantage: Low maintenance cost, reliable, easy coordination along
corridors

o Key Limitation: Inflexible; causes wasted green time on empty approaches
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Traffic-Actuated Control System

Traffic-actuated signals continuously adjust green time allocations and cycle
durations based on real-time vehicle arrivals registered by vehicle detectors.

In fully actuated control, green light is held on an approach as long as vehicles
arrive within a threshold gap time, up to a pre-set maximum green limit.

@ Detection Mechanism: Inductive loops embedded in pavement, radar, or
video cameras

@ Initial Green & Extension: Extends green phase per arriving vehicle
('passage time')

o Efficiency: Eliminates wasted green time on approaches with no waiting
queue

o Complexity: Requires sophisticated controllers, detector maintenance,
tuning
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Special Purpose Signals

In addition to standard vehicular signals, specialized signal heads are deployed
to control specific modes or hazardous operational scenarios.

These devices ensure vulnerable road users (pedestrians, cyclists) and
emergency vehicles receive dedicated priority.

@ Pedestrian Signals: Red Standing Man / Green Walking Man symbols at
crosswalks

@ Flashing Beacons: Flashing Amber (Caution) or Flashing Red
(Stop-and-Proceed)

@ Lane Control Signals: Overhead green arrows and red X signs for
reversible lanes

e Emergency Preemption: Infrared/GPS triggers giving immediate green to
fire/ambulances
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Traffic Signal Warrants (IRC:93)

An engineering warrant is a threshold condition that must be satisfied before a
traffic signal installation can be justified. IRC:93 defines standard signal
warrants based on traffic data.

A signal should not be installed unless one or more warrants are satisfied after
comprehensive traffic volume, delay, and crash studies.

Warrant Type Condition / Description

1: Min. Vehicular Volume High volume on major and minor streets for 8 hours
2: Interruption of Traffic Heavy major street traffic blocking minor street

3: Min. Pedestrian Volume | High pedestrian count attempting to cross high-speed road

4: Accident Experience 5 or more preventable right-angle crashes per year
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Signal Head Mounting and Visibility Requirements

Signal heads must be mounted so that approaching drivers have an
unobstructed view of at least one signal face for a distance corresponding to
safe stopping sight distance.

IRC standards mandate at least two signal heads per approach to provide
redundancy in case of single bulb or LED failure.

@ Post-Mounted Signals: Installed on roadside curb posts (height 2.5m to
3.0m)

@ Overhead Cantilever Signals: Mounted above traffic lanes (vertical
clearance min 5.5m)

@ Primary & Secondary Faces: Primary on near side / overhead; secondary
on far side

@ Visors & Backplates: Sun visors and black backplates to enhance LED
aspect contrast
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Signal Phasing Fundamentals

A signal phase is a part of a signal cycle allocated to any combination of

traffic movements receiving right-of-way simultaneously without physical path
intersections.

Increasing the number of phases reduces movement conflicts but increases
total lost time per cycle, reducing overall intersection capacity.

@ 2-Phase Signal: Simple cross junction separating North-South and
East-West flows

@ 3-Phase Signal: Dedicated phase for heavy right-turning traffic streams

@ 4-Phase Signal: Separate phase for every individual approach arm

@ Phase Trade-off: More phases increase safety but reduce effective green
capacity
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Summary of Traffic Signals

In this lecture, we studied the operational purpose, classifications, signal
components, warrants, and phasing concepts for traffic signals as per IRC:93.

Selecting the appropriate control mode and verifying engineering warrants
ensures that traffic signals enhance intersection safety and capacity.

o Traffic signals convert spatial intersection conflicts into time-separated
intervals

@ Aspect Sequence: Red (Stop) -; Green (Go) -; Amber (Clearance) -; Red

@ Control Modes: Pre-timed (predictable), Actuated (adaptive), ATCS
(network wide)

e IRC:93 Warrants: Minimum volume, traffic interruption, pedestrian
volume, accident history

@ Signal Phasing: 2, 3, or 4 phases balance safety against cycle capacity
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Lecture 3.19

3.4 Signal Cycle Time Design




Core Definitions in Signal Timing

Designing a signal timing plan requires precise definition of time intervals
comprising the complete signal cycle sequence.

The cycle length (C) is the total time required for one complete sequence of
signal phases to display.

@ Cycle Length (C): Total time (in seconds) for one complete rotation of
signal aspects

@ Phase: Complete set of conditions assigned to a specific combination of
movement streams

@ Interval: Any period of time during which signal aspect display remains
unchanged

@ Green Split: Percentage ratio of effective green time allocated to a
specific phase relative to C
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Signal Aspect Time Intervals (G, A, R)

Each signal phase consists of three explicit display intervals: Actual Green
time (G), Amber / Yellow clearance time (A), and Red time (R).

The sum of green, amber, and red display intervals across all phases equals the
total cycle length C.

Green (G) Red (R)

Total Cycle Length (C)

@ Actual Green Time (G;): Duration the green aspect is lit for phase i
@ Amber Clearance Time (A;): Duration of yellow aspect (typically 3 to 5

seconds)
@ Red Clearance / All-Red (AR;): Interval where all approaches display red

for safety
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Saturation Flow Rate (s)

Saturation flow rate (s) is the maximum rate at which queued vehicles can

cross the stop line during green display, assuming a continuous dense queue of
vehicles.

It is expressed in Passenger Car Units per hour of green time (PCU/h/lane).
Under ideal conditions, typical saturation flow is approximately 1800 to 2000
PCU/h/lane of approach width.

@ Definition: Maximum flow rate when green signal is 100% utilized by
queued traffic

o Measurement Unit: PCU / hour of green time / approach lane width

o Factors Affecting s: Lane width, approach gradient, turning radius, heavy
vehicle %

o IRC Formula Estimate: s = 525 x w PCU/hour (where w is approach
lane width in meters)
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Lost Time Concepts: Initial and Clearance Lost Time

During each signal phase, a portion of time cannot be fully utilized at
saturation flow due to driver reaction delays and vehicle
acceleration /deceleration.

Total lost time per phase (/) is the sum of initial lost time (/) at the start of
green and clearance lost time (k) during amber.

@ Start-up Lost Time (h): Time lost while first few queued drivers react
and accelerate (approx 2s)

@ Clearance Lost Time (h): Time lost during amber/all-red when vehicles
hesitate or stop (approx 1-2s)

o Phase Lost Time (/;): l; = h + k (typically 3 to 4 seconds per phase)

o Total Cycle Lost Time (L): L =>"1I; + R (sum of lost times across all n
phases)
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Effective Green Time (g;) vs Actual Green Time (G))

Effective green time (g;) is the actual duration during a phase that traffic
flows at the full saturation flow rate (s;).

Parameter Formula Description

Effective Green | gi = G; + A; — [; | Usable time at full saturation

Actual Green G; = g + I; — A; | Physical duration of green display

Phase Capacity | Q; =s; X (gi/C) | Max volume handled per phase

It represents the theoretical usable green time after subtracting initial start-up
lost time and adding usable portion of amber.
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Introduction to F. V. Webster's Delay Model

Dr. F. V. Webster of the UK Transport Research Laboratory (TRL) developed
the most widely accepted rational method for calculating optimum cycle
length at isolated intersections.

Webster derived an empirical equation based on computer simulation and
queuing theory that minimizes total vehicle delay (person-hours of delay)
across all intersection approaches.

@ Objective Function: Minimize total intersection delay across all phases

@ Input Parameters: Design traffic volume (g;), saturation flow (s;), total
lost time (L)

@ Volume Ratio (y;): Ratio of approach volume to saturation flow y; = g;/s;

@ Sum of Volume Ratios (Y): Y =7, y; across all critical phases
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Webster's Optimum Cycle Length Formula

Webster established that optimum cycle length C, producing minimum delay
is proportional to total lost time L.

° Co= P52 2

o L =>"1 (Total lost time) o —5
e Y =>y (Volume ratios) !

e Y < 0.90 for stability !

40 60 80 100
Cycle Length (C)

DI04006081: Traffic Engineering

Slide Creator



Phase Green Time Allocation

Once optimum cycle length C, is calculated, total available effective green
time per cycle (C, — L) is distributed among phases in proportion to their
critical volume ratios (y;).

Approaches with higher volume relative to their saturation flow receive a larger
share of the effective green time.

Total Effective Green Time: gioras = Co — L

Effective Green Allocation: g; = ¥ x (C, — L)

Actual Green Display: G; =g+ i — A;

Check: Sum of actual green times plus amber and lost times must equal

G
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IRC Recommended Limits for Cycle Length

Theoretical optimum cycle length C, from Webster's equation must be
checked against practical upper and lower boundary limits specified by IRC
standards.

Cycle lengths that are too short result in excessive lost time percentage, while
cycle lengths that are too long cause extreme delay during red display.

@ Minimum Cycle Length: 35 to 45 seconds (ensures minimum pedestrian
crossing time)

@ Maximum Cycle Length: 120 seconds for 2-phase; 150 seconds for
complex multi-phase

© Amber Interval Duration: 3 seconds (approach speed j= 50 km/h); 4-5
seconds (higher speeds)

@ All-Red Interval: 1 to 2 seconds to allow clearance of long vehicles
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Pedestrian Clearance and Walk Time Considerations

Every signalized intersection must provide sufficient green + amber clearance
time to allow pedestrians to safely cross the widest carriageway approach.

Minimum pedestrian green time (Gpeq) is calculated using standard pedestrian
walking speed (1.2 m/s) recommended by IRC codes.

e Walking Speed Standard: vpeq = 1.2 m/s (1.0 m/s near elderly facilities)

@ Crossing Time Formula: teross = TV‘; (where W is carriageway width in
meters)

o Initial Walk Interval: Minimum 7 seconds for pedestrians to step off kerb

@ Minimum Phase Green Constraint: Phase green G; must equal or exceed

tC ross
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Summary of Signal Cycle Time Design

In this lecture, we defined the mathematical parameters governing signal cycle
design and detailed Webster's method for optimum cycle length C,.

Mastering these formulas enables civil engineers to design signal timing plans
that optimize intersection capacity and minimize vehicular delay.

o Key Parameters: Cycle length C, Phase, Interval, Saturation flow
s = 525w

@ Lost Time (L): Sum of start-up h and clearance k, lost times across
phases

@ Webster's Formula: C, = (1.5L +5)/(1 — Y), where Y = >"(gi/si)

@ Green Distribution: g; = (y;/Y) x (C, — L) proportional to demand

@ Design Constraints: Cycle length limits 45s-120s; minimum pedestrian
crossing time
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3.5 Road Markings




Functional Role and Importance of Road Markings

Pavement markings are unique among traffic control devices because they
provide continuous lateral guidance directly within the driver's primary field of
view without requiring driver head rotation.

They define lane boundaries, delineate vehicle paths around curves, indicate
safe passing zones, designate pedestrian crossings, and enforce stopping
positions at intersections.

@ Continuous Guidance: Direct visual feedback within driver’s forward gaze
@ Lane Discipline: Prevents erratic lane changing and side-swipe collisions
@ Space Optimization: Defines dedicated lanes for turning, buses, and cycles
o Nighttime Safety: Enhanced by drop-on retroreflective glass beads
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Classification of Road Markings (IRC:35)

Indian Roads Congress code IRC:35 classifies road markings into major
structural types based on their orientation and function on the road surface.

Standardized line patterns (solid vs broken) convey different legal directives
regarding crossing or straddling pavement lines.

IRC:35 Road Markings

Longitudinal Transverse Hazard Word & Symbols
(Centerline, Edge) (Stop, Zebra) (Chevrons) (Arrows, Text)
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Longitudinal Center Lines and Lane Lines

Center lines separate opposing traffic streams on two-way carriageways, while
lane lines subdivide multi-lane carriageways carrying traffic in the same
direction.

The pattern of the longitudinal line indicates whether drivers are legally
permitted to cross or straddle the line for overtaking.
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Pavement Edge Lines and Channelizing Lines

Pavement edge lines delineate the outer edge of the traveled carriageway,
distinguishing the paved lane from the unpaved shoulder or kerb.

Channelizing lines guide vehicles safely through complex intersections, lane
reductions, toll plazas, and freeway entrance/exit ramps.

o Edge Line Color: Continuous solid white line along outer pavement
boundary

@ Right Edge / Median Line: Continuous solid yellow line along central
median /divider

@ Nighttime Guidance: Prevents drivers from straying onto soft shoulders or
hitting curbs

@ Channelizing Markings: Wide solid white lines separating turning lanes
from through traffic
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Transverse Markings: Stop Lines and Give Way Lines

Transverse markings are installed perpendicular to traffic flow at approaches to
intersections, pedestrian crossings, and railway level crossings.

They dictate the precise physical point behind which vehicles must stop or
yield right-of-way.

@ Stop Line: Single solid white line (width 200mm to 300mm) extending
across approach

@ Placement of Stop Line: Positioned 2m to 3m ahead of nearest
pedestrian crosswalk

@ Give Way Line: Two parallel broken white lines painted across minor
street approach

@ Legal Mandate: Vehicle bumper must not cross stop line during red signal
display
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Pedestrian Crossings (Zebra Crossings)

Zebra crossings consist of alternating white stripes and unpainted pavement
gaps laid parallel to the centerline of the carriageway across the entire road
width.

They grant pedestrians absolute legal right-of-way over approaching vehicles
on uncontrolled or mid-block crosswalk locations.

Stripe Dimensions: White stripes 500mm wide, spaced 500mm apart
Crosswalk Width: Minimum 2.0m on local streets; 4.0m to 6.0m on
high-volume urban arterial roads

Zig-Zag Warning Lines: Painted on approach kerbs to prohibit parking
near crosswalk

Signalized Crosswalks: Defined by two parallel transverse dashed lines at
signal junctions
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Word Messages, Arrows, and Pavement Legends

Pavement word messages and symbols provide advance directional guidance,
lane assignments, or speed warnings directly on the road surface.

Because drivers view messages at an acute angle, all pavement lettering must
be vertically elongated (stretched) so it appears normal to the driver.

o Elongated Lettering: Aspect ratio stretched 3:1 to 5:1 vertically for
forward legibility

@ Directional Arrows: Straight, Left-turn, Right-turn, and Combined lane
assignment arrows

@ Standard Legends: 'STOP’, 'SLOW', 'BUS LANE', 'SCHOOL', 'SPEED
LIMIT 40’

@ Color Rules: White for legends and arrows; Yellow for restricted zones
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Object Markings and Hazard Demarcation

Objects within or close to the carriageway (bridge piers, median noses, signal
poles, abutments) present extreme collision hazards and must be
conspicuously marked.

Hazard markers use high-contrast alternating diagonal stripes to warn drivers
of physical obstructions.

@ Obstruction Markings: Alternating black and yellow diagonal stripes
(width 75mm-100mm)

o Kerb Markings: Alternating black and yellow painted segments on island
curbs

@ Median Nose Markings: Retroreflective hazard markers pointing traffic
around divider
@ No-Parking Kerb Lines: Solid yellow painted line on top of curb face
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Road Marking Materials: Paints and Thermoplastics

Pavement marking materials must withstand heavy vehicle tire abrasion, oil
spills, atmospheric weathering, and rain while retaining skid resistance.

Hot-applied thermoplastic pavement marking compound is the standard
material for modern Indian highways due to its long service life.

Material Characteristics Lifespan

Water-Borne Paint Cheap, easy application ~6 months

Hot Thermoplastic Applied at 200°C, 2.5mm thick, | 2-3 years
with beads

Cold Epoxy Heavy duty, for high-stress inter- | Long
sections
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Retroreflectivity and Glass Bead Mechanics

Road markings lose visibility at night unless retroreflection is embedded into
the material matrix.

Microscopic transparent glass beads are premixed into thermoplastic
compound and dropped on the molten surface during application.

Light rays from headlights enter the spherical glass beads, refract, reflect off
the back coated surface, and rebound directly to the driver's eye.

@ Premixed Glass Beads: Mixed within thermoplastic batch for continuous
wear reflection

@ Drop-On Glass Beads: Sprinkled onto hot molten thermoplastic (min 250
g/m?)

@ Refractive Index: Standard glass beads possess refractive index n > 1.50

@ Wet Night Retroreflectivity: Larger glass beads or structured markings for
rain visibility
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Summary of Road Markings

In this lecture, we examined the functional role, classifications, layout
geometry, and material specifications for road markings as per IRC:35.

Proper application of thermoplastic markings and retroreflective glass beads
ensures 24-hour visual guidance across all highway corridors.

@ Continuous visual guidance within driver's forward field of view

o Longitudinal Lines: Broken (permissive), Solid (restrictive), Double solid
(prohibitory)

@ Transverse Lines: Stop line (solid white 200-300mm), Zebra crossing
(500mm stripes)

o Pavement Text: Vertically elongated (3:1 to 5:1 ratio) to compensate for
acute viewing angle

@ Materials: Hot-applied thermoplastic (2.5mm thickness) with drop-on
glass beads
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Lecture 3.21

3.1 Principles of Traffic Control Devices
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s Integration in Traffic Control Engineering

Modern traffic engineering treats control devices not as isolated elements, but
as an integrated, multi-layered visual safety system.

Signs, signals, markings, delineators, and channelizing islands must work in
unison to reinforce a single, clear driving directive, eliminating conflicting cues.

@ Redundant Cues: Vertical signs backed up by matching horizontal
pavement markings

@ Driver Expectancy Alignment: Maintaining consistency between road
geometry and control setup

@ Positive Guidance: Providing clear visual information before critical
decision points

o Workload Management: Spacing signs to avoid driver information
overload
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Traffic Calming and Speed Management Principles

Speed management is essential for reducing crash frequency and severity in
urban residential areas, school zones, and commercial corridors.

Traffic calming uses physical geometric alterations and control devices to
self-enforce desirable vehicle operating speeds without relying on continuous
police enforcement.

@ Vertical Deflections: Speed humps, speed tables, raised crosswalks
(IRC:99)

@ Horizontal Deflections: Chicanes, mini-roundabouts, curb extensions
(bulb-outs)

o Visual Narrowing: Optical speed bars painted on pavement to create
illusion of high speed

o Gateway Treatments: Prominent signage and entry portals signaling
low-speed zones
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Temporary Traffic Control (TTC) in Work Zones

Highway construction and maintenance zones create unexpected hazards, lane
closures, and altered geometry, making work zone traffic management critical.

IRC:SP:55 provides detailed guidelines for designing Temporary Traffic Control
(TTC) plans to safeguard both construction workers and road users.

o Worker Safety: Protecting construction personnel from errant high-speed
vehicles

@ Mobility Maintenance: Guiding traffic safely through or around work sites
with minimal delay

@ 24/7 Visibility: High-intensity retroreflective and illuminated devices for
night operations

@ Standardization: Uniform temporary signage adhering to black-on-orange
color code

Slide Creator DI04006081: Traffic Engineering



Four Component Zones of a Temporary Traffic

Control Zone

A standard work zone TTC setup is divided into four distinct sequential
functional zones along the approach to construction sites.

Each zone performs a dedicated operational task to transition drivers safely
around the active work area.

Advance Transition Activity Termination
Warning Zone Zone Zone Zone

X Buffer &
Informs of Channelizes traffic utter Returns to normal
work ahead work space
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Temporary Traffic Control Channelizing Devices

Work zone tapers and lane closures utilize portable channelizing devices to

form continuous visual barriers that prevent vehicles from entering hazardous
work areas.

Devices must be crashworthy, stable against vehicle wind gusts, and highly
retroreflective.

o Traffic Cones: Orange PVC cones (height 750mm) with reflective sleeves
for daytime/night

@ Traffic Drums / Barrels: High-density polyethylene plastic drums with
orange/white stripes

@ Tubular Delineators: Flexible vertical posts used in narrow space
restrictions

o Water-Filled Barriers: Interlocking plastic barriers filled with water or
sand for impact safety
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Portable Variable Message Signs (PVMS) and Arrow

Boards

Active electronic devices provide real-time instructions to drivers approaching
work zone lane closures or unexpected congested bottlenecks.

Solar-powered trailer-mounted electronic arrow boards and PVMS display
dynamic real-time traffic warnings.

@ Dynamic Arrow Boards: Flashing LED matrix displaying sequential arrow
patterns for lane shifts

@ PVMS Display: High-contrast amber LED text boards displaying advisory
messages

@ Real-Time Adaptability: Updated remotely based on construction
progress or accidents

@ Target Value: Visible from distances up to 800 meters under bright
sunlight
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Vulnerable Road User (VRU) Safety Principles

Traffic control systems must cater explicitly to Vulnerable Road Users (VRUs),
including pedestrians, cyclists, children, and persons with disabilities.

Urban intersections require dedicated physical and control infrastructure to
safeguard non-motorized traffic streams.

@ Pedestrian Refuge Islands: Raised median islands allowing two-stage
street crossing

@ Tactile Pavement Indicators: Truncated domes guiding visually impaired
pedestrians

@ Protected Cycle Tracks: Physical separation or painted green cycle lane
buffers

o Audible Pedestrian Signals: Acoustic buzzers guiding blind pedestrians
during green phase
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School Zone Traffic Control Systems

School zones represent high-risk pedestrian environments due to children’s
limited perception of vehicle speeds and unpredictable crossing behaviors.

Integrated school zone control packages combine static warning signs, reduced
speed limits, active flashing beacons, and high-visibility crosswalks.

o High-Visibility Signs: Fluorescent yellow-green pentagonal School Zone
warning signs

@ Reduced Speed Mandate: Enforcing 20-30 km/h speed limits during
school opening/closing

@ Flashing Solar Beacons: Twin flashing amber LEDs activated during peak
school hours

o Raised Crosswalks: Speed tables combined with zebra markings directly in
front of gates
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Channelization Islands and Geometry Principles

Traffic islands are elevated or painted areas within carriageways designed to

control vehicle movements, reduce conflict areas, and provide pedestrian
refuge.

Proper island radius design prevents corner-cutting by turning heavy
commercial vehicles.

] Divisional Refuge
Island

n
[
=]
o
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Traffic Control Audit and Quality Assurance

A Road Safety Audit (RSA) evaluates traffic control device installations during
planning, construction, and post-opening operational phases.

Audits systematically identify missing, misaligned, obscured, or misleading
control devices before crash patterns occur.

Audit Component | Description / Focus Area

Audit Stages Design, construction, pre-opening, and opera-
tional phases.

Nighttime Audits Checking retroreflectivity and headlight align-
ment in dark conditions.

Retroreflectometer | Measuring retroreflectance coefficient (Ra in
cd/Ix/m?).

Asset Inventory GIS-mapped database of all traffic control hard-
ware.
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Summary of Advanced Traffic Control Principles

In this lecture, we explored advanced applications of traffic control principles,
work zone temporary management (IRC:SP:55), traffic calming, VRU
protection, and safety audits.

Applying these comprehensive principles ensures total network safety across
diverse operating environments.

@ Integrated control system aligns signs, markings, and signals for positive
guidance

@ Speed management uses physical (speed humps IRC:99) and visual
calming

© Work Zones (IRC:SP:55): 4 component zones (Advance Warning,
Transition, Activity, Termination)

@ Channelizing hardware: Orange cones, polyethylene drums, water-filled
barriers, PVMS

@ Vulnerable Road Users: School zone package, tactile paving, refuge
islands, safety audits
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3.2 Traffic Signs




Sign Sizing Matrix Relative to Design Speed (IRC:67)

Sign face dimensions must scale upwards as design speed increases to ensure
adequate legibility distance for fast-moving drivers.

IRC:67 establishes four standard size categories for mandatory and cautionary
signs based on roadway classification and approach speed.

Category Dimensions Application (Speed)

Small 600 mm dia/triangle | Low-speed urban (< 50 km/h)
Medium 750 mm dia/triangle | City arterials / minor highways
Large 900 mm dia/triangle | State Highways / rural arterials
Extra-Large | 1200 mm dia/triangle | Expressways (> 100 km/h)
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Microprismatic Retroreflective Sheeting Technology

Modern high-speed highways demand superior retroreflective performance at
wide entrance and observation angles.

Microprismatic sheeting utilizes microscopic cube-corner prisms molded into
transparent synthetic resin to bounce headlight beams back to high-cab truck
drivers.

Type Technology Application
v High-intensity ~ micropris- | Standard roadside signs
matic
VIl / IX | Wide-angle microprismatic | Multi-lane arterial signs
XI Ultra-high intensity Gantries / unlit expressways

o Coefficient of Retroreflection (Ra): Minimum initial performance values
per ASTM D4956
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Structural Post Sizing and Wind Loading Analysis

Roadside sign structures must resist extreme wind pressures without
overturning or structural yield failure.

Civil engineers compute peak design wind pressure (g = 0.6V/?) acting on the
surface area of the sign face plate to size structural steel posts.

e Structural Materials: Galvanized Iron (GI) pipes, Rectangular Hollow
Sections (RHS)

@ Wind Pressure Calculation: P = Cy X g x A (where Cy is drag coefficient)

@ Bending Moment: Maximum moment occurs at the base flange
connection to concrete footing

o Foundation Sizing: Reinforced concrete isolated footings designed against
overturning
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Breakaway Post Supports for Roadside Safety

Rigid steel sign posts located within the clear roadside zone pose severe crash
hazards to errant vehicles leaving the carriageway.

Passive safety standards mandate breakaway post designs that yield, shear, or
hinge upon vehicle impact, minimizing deceleration forces on occupants.

o Frangible Slip Base: Hinged slip plate bolted with specific torque that
shears on impact

@ Perforated Steel Tubes: Perforated square steel posts designed to buckle
cleanly

@ Wooden Posts: Drilled wooden posts providing predictable shear plane

o Safety Impact: Prevents vehicle rollover and severe occupant trauma
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Overhead Gantry and Cantilever Sign Structures

On multi-lane highways (6-lane or 8-lane expressways), roadside signs are
obscured by heavy commercial vehicles driving in outer lanes.

Overhead gantries spanning the full carriageway or cantilever structures
extending over inner lanes provide unobstructed visibility for lane-specific
directional messages.

@ Full Span Gantry: Steel truss structure spanning all lanes across
carriageway

o Cantilever Structure: Single post with overhead arm extending over 1 to
2 lanes

@ Vertical Clearance: Minimum 5.5 meters clear height above finished
pavement crown

@ Maintenance Walkway: Integrated walkway and handrail for overhead
bulb/sheeting maintenance
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Lettering Fonts, x-Height, and Bilingual Layout Rules

IRC:67 mandates specific lettering style fonts and x-height dimension rules for
English, Hindi, and regional language sign faces.

Proper font sizing ensures drivers can read place names from safe legibility
distances while driving at maximum design speed.

o Standard Font: 'Transport Medium' font for English text on road signs

o x-Height Definition: Height of lower-case letter 'x’ in text (scales all
capital letters)

o x-Height Sizing Rule: Approximately 10mm of x-height per 1.5m of
required legibility distance

@ Bilingual Order: Top line Regional Language, Middle line Hindi, Bottom
line English

Slide Creator DI04006081: Traffic Engineering 266 /547



Sign Face Geometry and Anti-Glare Positioning

If a sign face is mounted exactly perpendicular (90 degrees) to the roadway
centerline, specular reflection from vehicle headlights blinds approaching
drivers at night.

IRC:67 specifies rotated sign positioning to eliminate specular glare while
maintaining high retroreflective return.

Roadway Centerline

: Sign Face (3° Rotation)

3 90° Perpendicular

Dril'ver

@ On curves: Perpendicular to line of sight. On upgrades: Tilt 1-2°
backward.
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Variable Message Signs (VMS) and Intelligent

Signage

Variable Message Signs (VMS) are dynamic LED display panels integrated
with Intelligent Transportation Systems (ITS) to broadcast dynamic real-time
traffic warnings.

VMS units warn drivers of downstream accidents, fog density, travel times,
work zone closures, or parking availability.

@ Display Technology: High-brightness full-color LED matrix panels

@ Message Standards: Maximum 3 lines of text, max 15 characters per line

@ Dual-Phase Display: Messages flashing or alternating in 3-second display
cycles

o Control Interface: Managed via optic fiber / cellular links from Traffic
Management Center
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Quality Control, Reflectivity Audit, and Degradation

Retroreflective sheeting degrades over time due to UV exposure, atmospheric
pollution, and environmental weathering.

Sign asset management requires systematic field measurement of
retroreflectivity coefficients to replace signs before they drop below critical
safety thresholds.

o Field Measurement: Handheld retroreflectometer measuring R4 at
specified observation angles

@ Threshold Minimum: Replacement triggered when R4 drops below 50%
of initial new value

@ Sheeting Warranty: Standard manufacturer performance warranty 7 to 10
years

@ Cleaning Protocol: Periodic washing with mild detergent to remove dirt
layer
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Common Highway Signage Errors and Case Studies

Field audits frequently reveal safety defects caused by incorrect sign selection,
poor placement, or maintenance neglect.

Engineers must recognize and correct these common field mistakes during
highway safety inspections.

@ Sign Overcrowding: Too many signs installed on single post causing
visual overload

@ Inadequate Sight Distance: Sign obscured by tree branches, billboards, or
utility poles

@ Undersized Font: Lettering x-height too small for 100 km/h highway
design speed

@ Conflicting Messages: Work zone temporary signs left standing after
construction ends
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Summary of Advanced Traffic Sign Engineering

In this lecture, we covered advanced traffic sign engineering, IRC:67 sign sizing
matrices, microprismatic sheeting, wind load design, gantry structures, and
lettering rules.

Rigorous structural and optical sign design is vital for high-speed highway
safety.

@ Sign Sizing: 600mm to 1200mm scaled directly to design speed (IRC:67)
@ Microprismatic Sheeting: Types IV, VIII, XI for high night visibility
Structural Design: Wind pressure calculation (P = C4qA) and breakaway
frangible bases

@ Overhead Structures: Full gantries and cantilevers with 5.5m vertical
clearance

@ Lettering Rules: Transport Medium font, x-height sizing, 3° anti-glare
rotation
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Lecture 3.23

3.3 Traffic Signals




Multi-Phase Signal Layouts and Conflict Point

Elimination

Complex 4-legged intersections with heavy right-turning volumes cannot

operate safely on simple 2-phase timing plans due to severe right-turn collision
hazards.

Multi-phase signal layouts eliminate crossing conflicts by providing dedicated

green arrows for right turns.
Phase 2 Phase 4
N-S RT E-W RT
\
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Inter-Green and Clearance Interval Math

The inter-green period is the transition buffer between the end of green for
one phase and the start of green for the next phase.

It comprises Amber time (A) and All-Red clearance time (AR). Amber allows

approaching drivers to stop safely, while All-Red clears vehicles trapped inside
the intersection box.

o Amber Duration: A=t + ﬁ (t=reaction ~1s, v=speed, a=decel)

o All-Red Formula: AR = # (w=width, L,=vehicle length ~6m)

@ Dilemma Zone: Zone where vehicle can neither stop safely before stop
line nor clear intersection before red

o Minimum Inter-Green: Typically 4 to 8 seconds total clearance
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Pedestrian Phasing Strategies and Pelican Crossings

Pedestrians at signalized junctions require explicit signal protection to prevent
collisions with turning vehicles.

Engineers use concurrent pedestrian phasing, exclusive pedestrian phases, or
mid-block Pelican/Puffin push-button signals.

@ Concurrent Phasing: Pedestrians cross parallel to straight vehicular
movement stream

@ Exclusive Pedestrian Phase (Barnes Dance): All vehicles stopped;
pedestrians cross in any direction including diagonally

@ Pelican Crossing: Pedestrian Light Controlled Signal with push-button
actuator

@ Puffin Crossing: Infrared sensors detecting pedestrian presence to adjust
crossing duration
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Signal Controller Architecture and Hardware

Modern traffic signal controllers are industrial-grade microcomputers housed in
weather-proof roadside cabinets.

Controllers execute complex signal timing logic, monitor detector inputs,
enforce conflict safety monitoring, and log operational telemetry.

@ Microprocessor CPU: Runs multi-plan signal timing logic and actuated
algorithms

e Conflict Monitor Unit (CMU): Failsafe hardware that immediately drops
signal into flashing amber if conflicting green lights occur

@ Solid-State Switches: Power switches driving high-efficiency LED aspect
lamps

o UPS Battery Backup: Uninterruptible Power Supply ensuring 4 to 8 hours
operation during grid outages
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Vehicle Detection Technologies

Traffic-actuated and adaptive signal systems rely on accurate real-time vehicle
detectors to register arrivals, queues, and headway gaps.

Engineers choose between sub-surface pavement sensors and non-intrusive
overhead sensors based on installation and maintenance constraints.

Detector Type Placement | Sensing Mechanism

Inductive Loop (ILD) | Sub-surface | Wire coils sensing metallic mass
Video Image (VIP) Overhead | Cameras with Al queue detection
Microwave Radar Overhead Radar sensing approach speed/count
Infrared /Thermal Overhead | Detects heat signatures
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Coordinated Signal Systems and Green Waves

When signalized intersections are closely spaced along an arterial corridor (less

than 1 km apart), isolated signal operation causes stopping platoons at every
junction.

Signal coordination synchronizes adjacent signals so that vehicle platoons
traveling at design speed hit green lights continuously ('Green Wave').

@ Common Cycle Length: All coordinated signals must share identical cycle
length C

o Offset: Time difference (seconds) between start of green at consecutive
intersections

@ Platoon Propagation: Vehicles traveling together in tight cluster at
steady speed

@ Bandwidth: Width of green time window (seconds) available for
uninterrupted progression
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Time-Space Diagrams for Corridor Synchronization

A Time-Space Diagram plots distance along an arterial corridor on the vertical
axis against time on the horizontal axis.

Signal aspect displays for each intersection are plotted vertically. Slope of the
green band represents design progression speed (v = As/At).

Distance s

~

Int. 2 ------- -+ e |

Int. 1}---- -

> Time t
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Area Traffic Control Systems (ATCS)

Area Traffic Control Systems (ATCS) connect hundreds of signalized
intersections across a city to a centralized master computer network.

Adaptive ATCS continuously recalculates cycle lengths, splits, and offsets
every few minutes based on real-time detector data from across the city.

@ SCOOT (Split Cycle Offset Optimisation Technique): Adaptive system
continuously adjusting timing in small increments

@ SCATS (Sydney Co-ordinated Adaptive Traffic System): Selects preset
timing plans dynamically based on degree of saturation

@ TRANSYT: Offline optimization software for determining arterial offsets

@ Benefits: 15-25% reduction in city-wide travel time, fuel consumption,
and emissions
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Transit Priority and Emergency Vehicle Preemption

Transit Signal Priority (TSP) and emergency preemption alter signal timing to
favor high-occupancy buses or priority vehicles.

Preemption immediately overrides normal signal phasing to grant emergency
vehicles green lights upon approach.

@ Transit Priority (TSP): Extends green or truncates red to clear BRTS
buses

e Emergency Preemption: Infrared / GPS / acoustic sensors detecting
ambulances or fire engines

@ Preemption Sequence: Immediate green for emergency approach; red for
all conflicting legs

@ Recovery Phase: Controller safely transitions back to normal timing
program after passage
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Signal Maintenance, Audit, and Failure Protocols

Signal failures (blackouts, conflict trips) freeze intersection flow and cause
major accidents. Maintenance systems must include hardware safety
redundancies.

Controllers must automatically revert to a safe default mode during power loss
or logic errors.

@ Default Fallback Mode: Flashing Amber on major street / Flashing Red
on minor street

@ Conflict Trips: Instant shutdown to flashing mode within 500 milliseconds
of conflict

o LED Lamp Reliability: LED aspect life exceeds 50,000 hours with low
power draw

@ Preventive Maintenance: Quarterly cabinet cleaning, detector tuning, and
CMU testing
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Summary of Advanced Traffic Signal Control

In this lecture, we covered multi-phase signal design, inter-green clearance
math, vehicle detection, signal coordination, time-space diagrams, and
adaptive ATCS.

Advanced signal engineering optimizes network capacity and reduces city-wide
congestion.

@ Multi-Phase: 3 and 4-phase layouts eliminate right-turn crossing conflicts

@ Inter-Green Math: Amber (A=t + v/2a) + All-Red (AR = (w + L)/v)
clear intersection

@ Detectors: Inductive loops (ILD) and Video Image Processing (VIP) feed
actuated controllers

@ Signal Coordination: Shared cycle length C and offsets (t = d/v) create
Green Waves

@ ATCS Systems: SCOOT and SCATS provide real-time adaptive city-wide
control
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Lecture 3.24

3.4 Signal Cycle Time Design




Review of Webster's Core Equations and Design

Procedure

Before solving numerical problems, we review the exact sequence of
mathematical equations used in Webster's signal design procedure.

Following a systematic step-by-step process prevents errors in volume ratio
summation and green split allocation.

Step 1: Compute Critical Volume Ratio per Phase: y; =

Step 2: Calculate Sum of Critical Volume Ratios: Y = Z, 1Y

Step 3: Determine Total Cycle Lost Time: L =2n+ R (or Y I;)

Step 4: Compute Optimum Cycle Length: C, = %

Step 5: Calculate Effective Green: g; = £(C, — L) and Actual Green G;
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Numerical Problem 1: 2-Phase Intersection Data

Consider a 2-phase signalized cross intersection with approach traffic flows and
saturation flows given below.

Phase 1 accommodates North-South traffic, while Phase 2 accommodates
East-West traffic. Lost time per phase is 2.5 seconds, and total all-red
clearance time is 4 seconds.

Parameter Phase 1 (N-S) | Phase 2 (E-W)
Peak Flow (q) 800 PCU/h 600 PCU/h
Saturation Flow (s) | 2400 PCU/h 2000 PCU/h
Lost Time (/) 25s 25s
Amber Time (A) 30s 3.0s

Target: Find Optimum Cycle Length C, and actual green displays Gy, G>.
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Solution Step-by-Step for Problem 1

We execute the 5-step procedure to compute volume ratios, total lost time,
optimum cycle length, and phase green allocations.

Detailed arithmetic calculations demonstrate how Webster's formula allocates
green splits.

Volume Ratios: y; = 2% = 0.333, y, = £2% = 0.300

Sum Y: Y =0.333+40.300 = 0.633 (Y < 1.0, solution is feasible!)
Total Lost Time L: L = (2.5+ 2.5) 4+ 4.0 = 9.0 seconds
Optimum Cycle C,: G, = 150045 _ 13545 _ 185 -, 50 4 seconds

1-0.633 0.367 — 0.367
Adopted Cycle Length: Round up to C, = 52 seconds
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Green Split Calculation for Problem 1

With adopted cycle length C = 52 seconds and total lost time L = 9 seconds,
available total effective green time is C — L = 43 seconds.

We divide effective green between Phase 1 and Phase 2 based on their relative
yi/Y proportions.

o Effective Green Phase 1: g1 = % x 43 = 22.6 seconds
o Effective Green Phase 2: g» = jz33 x 43 = 20.4 seconds

Actual Green Display Gi:

G=g1+h—A =226+25-3.0=221~225s

@ Actual Green Display G;:

Gz :g2+/2 —A,=204+25-3.0=199~20s

Verification Check: Gi + A1+ G+ A +AR=22+3+20+3+4=52s
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Numerical Problem 2: 4-Phase Complex Intersection

Data

Consider a major 4-phase signalized intersection with dedicated turning
phases. Approach critical lane volumes (g;) and saturation flows (s;) for all
four phases are provided.

Total lost time per cycle is L = 12 seconds. Amber time is 3 seconds per
phase.

Phase 1 (North-South Straight): g1 = 650 PCU/h, s; = 1800 PCU/h
Phase 2 (North-South Right Turn): g» = 300 PCU/h, s, = 1500 PCU/h
Phase 3 (East-West Straight): g3 = 550 PCU/h, s3 = 1800 PCU/h
Phase 4 (East-West Right Turn): g4 = 250 PCU/h, s, = 1400 PCU/h
Target: Calculate Y, C,, effective green times g1, g, g3, 4, and verify
IRC bounds
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Solution Step-by-Step for Problem 2

We calculate volume ratios y; for all four phases, sum them to check
intersection saturation, and compute C,.

This problem illustrates how multi-phase intersections require longer cycle
lengths due to accumulated phase lost times.

o Volume Ratios: y; = 220 = 0.361, y, = 7% = 0.200,
y3= W—O?’% y4—%—0179

@ Sum Y: Y =0.361 + 0.200 + 0.306 + 0.179 = 1.046

o Critical Saturation Alert: Y = 1.046 > 1.0! The intersection is
OVER-SATURATED!

o Engineering Analysis: Webster's formula yields a negative denominator
(1-Y <0). A fixed-time signal CANNOT handle these volumes!

@ Corrective Action: Increase saturation flows by adding turning lanes, or
restrict right turns
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Modified Problem 2 with Lane Widening Solution

To fix the over-saturation in Problem 2, civil engineers widen the approach
carriageways, increasing saturation flows to s; = s3 = 2200 PCU/h and
s, = s4 = 1800 PCU/h.

We re-calculate volume ratios y; and compute the new feasible optimum cycle
length C,.
o New Volume Ratios: y; = % =0.295, y» = 1380000 = 0.167,
3= 2200 = 0.250, y4—m—0139
@ New Sum Y: Y =0.295 + 0.167 + 0.250 + 0.139 = 0.851 (Y < 1.0,

Feasible!)
@ Total Lost Time L: L = 12 seconds
e Optimum Cycle C,: C, = 1i5_((1)?23);r15 = 858 — 25 = 154.3 seconds

Design Decision: C, ~ 150 s matches IRC upper limit for 4-phase signal
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Webster's Minimum Average Delay Equation

Webster derived an equation to estimate the average delay per vehicle (d) at a
signalized approach.

The equation consists of three terms: uniform delay (assuming steady arrivals),
random delay (queue fluctuations), and an empirical correction factor.

@ Webster's Delay Equation: d = % + 2q(1 ) —0.65 C) x(2+5X)

@ Where C: Cycle length, A: Green ratio (g/C), q: Approach volume
o Where x: Degree of saturation (x = ¢ = %)

o Simplified Formula: First term (uniform deiay) accounts for 80-90% of
total delay
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Level of Service (LOS) Criteria for Signalized

Intersections

Highway Capacity Manual (HCM) categorizes intersection performance into
six Level of Service (LOS) bands (A through F) based on average control delay
per vehicle.

Civil engineers design signals to operate at LOS C or LOS D during peak
traffic hours.

LOS | Control Delay (sec/veh) | Traffic Condition
A <10 Free flow, minimal delay
B > 10 to 20 Good operation
C > 20 to 35 Acceptable delay for peak hours
D > 35 to 55 Tolerable delay, high density
E&F | >55 Extreme delay, over-capacity gridlock
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Sensitivity Analysis: Under-Design vs Over-Design of

Cycle Length

Operating a signal far away from Webster's optimum cycle length C, increases
total delay sharply.

Selecting a cycle length between 0.75C, and 1.5C, results in minor delay
penalties, providing a broad forgiving design range.

Optimum &_/
\

Accep.table Rangé
0.75C, G, 1.5C,
Cycle Length C

Average Delay d
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Summary of Signal Cycle Time Design Numericals

In this lecture, we solved step-by-step numerical design problems using
Webster's method for 2-phase and 4-phase intersections, analyzed
over-saturation conditions, and evaluated LOS delay metrics.

Mastering these numerical techniques enables students to solve GTU exam
problems and design real-world intersection signal plans.

@ Webster's Formula: C, = % provides optimum cycle length for
minimum delay

@ Volume Ratios: y; = q;/s;; Feasibility condition Y =5 y; < 1.0

@ Over-Saturation (Y > 1.0): Requires geometric lane widening or turning
restrictions

o Green Split: g; = ¥(C, — L) distributes green proportional to demand

@ LOS Thresholds: HCM grades intersection delay from LOS A (< 10s) to
LOS F (> 80s)
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Lecture 3.25

3.5 Road Markings




Detailed IRC:35 Marking Layout at Signalized

Intersections

Signalized intersections require a complete integrated package of transverse

and longitudinal pavement markings to guide vehicles into proper lanes and
keep clearance boxes open.

Improper intersection marking allows vehicles to block cross-traffic, leading to
total junction gridlock.

@ Transverse Stop Line: 200mm to 300mm solid white line positioned 2m
to 3m ahead of crosswalk

@ Pedestrian Crosswalk: Zebra stripes (500mm width) or two parallel
transverse dashed lines

@ Lane Assignment Arrows: Painted 15m, 30m, and 45m in advance of stop
line

@ Continuity Lines: 100mm broken white lines extending turning lanes
through wide junction boxes
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Yellow Box Junction Markings ('Keep Clear’ Zones)

Yellow box junction markings consist of criss-cross yellow diagonal lines
painted within the central intersection area.

They enforce the strict legal rule that drivers must not enter the grid box

unless their exit lane is completely clear, preventing gridlock during heavy
traffic.

@ Pattern: Perimeter solid yellow line enclosing diagonal yellow criss-cross
hatchings

@ Legal Directive: Strictly prohibits stopping or queueing inside the painted
box zone

Slide Creator DI04006081: Traffic Engineering

208 / 547



Markings at Priority Intersections and Roundabouts

Unsignalized priority junctions and rotary roundabouts rely heavily on
pavement markings to assign right-of-way without electric signals.

Markings indicate yielding obligations and channelize entering traffic into
smooth tangential paths.

@ Give Way Lines: Two transverse broken lines across minor street,
preceded by Give Way triangle

@ Yield Triangle Legend: Inverted triangle painted on pavement 10m to
20m before yield line

@ Roundabout Entry Line: Broken white yield line along circulatory entry
curve

@ Deflection Markings: Curved channelizing lines directing entering vehicles
to yield to right
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Expressway and Multi-Lane Highway Markings

High-speed multi-lane expressways require wider marking dimensions and

specialized hazard delineation to maintain vehicle guidance at speeds above
100 km/h.

Thicker line dimensions and retroreflective studs are mandatory on
expressways.

o Carriageway Edge Lines: Continuous solid white line (width 150mm)
along outer shoulder

@ Median Edge Lines: Continuous solid yellow line (width 150mm) along
central median divider

o Lane Lines: 150mm wide broken white line (segment length 3m, gap
length 6m)

@ Chevron Markings: V-shaped diagonal hatchings painted on gore areas at
exit/entry ramps
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Raised Pavement Markers (RPMs) and Cat’s Eyes

Raised Pavement Markers (RPMs) or 'Cat's Eyes’ are retroreflective studs
anchored into the pavement surface to supplement painted line markings.

They provide superior night visibility under heavy rainfall when flat painted
lines are submerged under water films.

@ Prismatic Corner-Cube Lens: Reflects headlight rays back with high
intensity

@ Audible Tactical Warning: Provides tactile/vibrational warning when tires
cross RPM studs

RPM Color | Installation Location

White Along lane lines separating same-direction traffic
Red Along left pavement edge line (shoulder boundary)
Yellow Along right pavement edge line (central median)
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Solar Powered LED Studs and Active Delineation

On dark, unlit rural highway curves, passive retroreflective studs depend
entirely on vehicle headlights. Active solar-powered LED road studs provide
self-luminous guidance.

Solar studs store energy via top-mounted photovoltaic solar cells during
daytime and flash high-brightness LEDs continuously throughout the night.

o Active Visibility: Visible from distances exceeding 800 meters (5x distance
of passive RPMs)

@ Solar Power Matrix: Built-in Ni-MH rechargeable battery and solar
micro-panel

o Flash Frequency: Constant light or flashing at 1 Hz to 2 Hz on sharp
dangerous curves

@ Compressive Strength: Must withstand 20 to 30 ton wheel loads from
heavy commercial trucks
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Hot-Applied Thermoplastic Material Specifications

(IRC:35)

IRC:35 mandates strict physical and chemical properties for hot-applied
thermoplastic road marking materials.

The compound is melted on-site in specialized pre-heaters at 180°C to 200°C
before application through screed shoes or extruders.

@ Binder Content: Synthetic hydrocarbon resin (minimum 18% to 22% by
weight)

o Pigment Content: Titanium Dioxide TiO, (min 10% for white); Lead
Chromate (for yellow)

@ Glass Bead Content: Minimum 30% by weight premixed within
thermoplastic batch

@ Softening Point: Ring & Ball softening temperature must exceed 102°C
to prevent bleeding
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Drop-On Glass Beads and Application Quality Control

In addition to premixed glass beads, transparent glass spheres are
simultaneously pressure-sprayed onto the molten thermoplastic line surface
('drop-on’ beads).

Proper bead distribution and embedment depth (50% to 60% sphere
diameter) are critical for immediate night retroreflectivity.

@ Application Rate: Drop-on glass beads applied at minimum 250 g/m2 to
350 g/m”

@ Embedment Depth: Ideal 55% embedment; under-embedment causes
bead loss; over-embedment reduces reflection

o Gradation (Type 2 / Type 3): Spherical smoothness > 80%, particle size
150 to 850 microns

@ Quality Tests: Skid Resistance Value (SRV > 45), thickness check (min
2.5mm)
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Retroreflectivity Auditing and Field Measurement

Pavement marking retroreflectivity is measured in millicandelas per square
meter per lux (mcd/m?/lux) using portable pavement retroreflectometers.

IRC:35 mandates minimum retroreflectivity levels for new markings and

specifies replacement thresholds when markings wear down.

@ Standard Geometry: 30-meter geometry (observation angle 1.05°,

entrance angle 88.76°)

Condition / Color

Threshold (R, in mcd/m?/lux)

New White Markings
New Yellow Markings

Maintenance (Re-striping)

> 250
> 175
< 100
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High-Friction Surface Treatment (HFST) and Special

Markings

High-Friction Surface Treatment (HFST) applies tough resin binders and
calcined bauxite aggregate to pavement surfaces at high-crash horizontal
curves and signal approaches.

HFST dramatically increases skid resistance, reducing wet-pavement braking
distances by up to 50%.

o Material: Epoxy / polyurethane binder topped with calcined bauxite
aggregate (SRV > 70)

@ Application Sites: Sharp highway curves, steep downgrade signal
approaches, pedestrian crosswalks

@ Coloured Pavement: Green painted pavement for dedicated cycle lanes;
Red for bus lanes

@ Photo-Luminescent Markings: Glow-in-the-dark paints absorbing sunlight
for unlit tunnel guidance
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Summary of Road Marking Standards

In this lecture, we thoroughly covered detailed intersection marking layouts,
yellow box junction rules, expressway specifications, RPM cat’s eye color
codes, thermoplastic material tests, and retroreflectivity auditing under IRC:35.

Strict enforcement of pavement marking standards is essential for high-speed
corridor safety and urban traffic discipline.

@ Signalized Intersections: Integrated package of stop lines (200-300mm),
crosswalks, and lane arrows

@ Yellow Box Markings: Criss-cross diagonal lines enforcing 'Do Not Block
Intersection’

e RPM Cat's Eyes: Red (left edge), Yellow (right/median edge), White
(lane line)

@ Thermoplastic Material: Hot-applied at 200°C (2.5mm thickness) with
30% premixed + drop-on glass beads

o Retroreflectivity Audit: Initial R, > 250 mcd/m?/lux (white); re-striping
threshold < 100

Slide Creator DI04006081: Traffic Engineering 307 / 547



Lecture 4.26

4.1 Principles and Objectives of Traffic Management
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Definition and Scope of Traffic Management

Traffic management is defined as the combination of administrative,
operational, and physical measures designed to maximize the utility of existing
road infrastructure without necessarily building new highways.

It deals with managing vehicular flows, pedestrian movement, parking demand,
and public transportation integration to optimize the throughput and safety of
urban and suburban transportation corridors.

@ Maximizing existing infrastructure capacity at low capital cost

@ Balancing competing road user demands (pedestrians, cyclists, transit,
private vehicles)

Adapting to peak hour traffic surges and temporary bottlenecks
Reducing urban congestion and operational delays across transportation
corridors
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Core Objectives of Traffic Operations

The primary goal of traffic operations is to harmonize traffic streams and
eliminate conflicts, thereby enhancing public safety and mobility.

Systemic objectives are established to minimize travel time, reduce vehicular
operating costs, lower accident frequencies, and safeguard urban residential
environments from heavy transit traffic.

@ Enhancing Road Safety: Minimizing conflict points, fatal collisions, and
severe injuries

o Optimizing Traffic Flow: Maximizing vehicular speed uniformity and
reducing queue lengths

@ Improving Travel Reliability: Minimizing unexpected delays caused by
bottlenecks and incidents

@ Environmental Protection: Reducing exhaust emissions, fuel consumption,
and urban noise pollution
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The 3 E's of Traffic Engineering

Effective traffic management relies on the classic framework known as the '3
E's’: Engineering, Enforcement, and Education.

A successful traffic management plan requires all three pillars working in
tandem; physical engineering solutions fail without proper enforcement and
public awareness.

Education
Driver training
Awareness campaigns

- - Integration
Engm'eermg Synergy Enfor(.:ement
Geometric layouts Traffic laws
Signals & Signs Police monitoring
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Direct vs. Indirect Traffic Management Measures

Traffic management techniques are categorized into direct measures (physical
and regulatory controls on roads) and indirect measures (influencing driver
choice and demand).

Direct measures physically guide or restrict traffic flow, while indirect measures
alter travel behavior, route choice, or departure timing.

Measure Type Examples Impact

Direct Measures One-way streets, traffic signals, | Short-term: Immediate op-
speed humps erational control

Indirect Measures Parking fees, congestion pric- | Long-term: Reshapes
ing, transit subsidies travel patterns
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Traffic Congestion: Causes and Characteristics

Traffic congestion occurs when travel demand exceeds the physical capacity of
a roadway facility, leading to reduced speeds, increased queuing, and unstable
flow conditions.

Engineers classify congestion into recurring congestion (daily peak period
demand) and non-recurring congestion (incidents, weather, roadwork, or
special events).

@ Recurring Congestion: High commuter demand matching work shifts and
school hours

@ Non-Recurring Congestion: Traffic crashes, vehicle breakdowns, bad
weather, and construction zones

@ Shockwave Formation: Rapid propagation of backward deceleration waves
in dense traffic streams

@ Economic Loss: Wasted fuel, lost productive hours, and elevated vehicle
maintenance costs
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Transportation Demand Management (TDM)

Concepts

Transportation Demand Management (TDM) focuses on modifying travel
behavior and reducing single-occupancy vehicle trips during peak hours.

TDM strategies aim to redistribute travel demand over time, space, or mode,
thereby relieving pressure on congested road networks.

@ Modal Shift: Encouraging transitions from private cars to public transit,
cycling, and walking

@ Temporal Shift: Promoting flexible work hours and telecommuting to
spread peak hour volume

@ Spatial Shift: Dynamic route guidance to divert traffic to underutilized
arterial roads

@ Vehicle Occupancy: Promoting carpooling, vanpooling, and
High-Occupancy Vehicle (HOV) lanes
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ent & Network Efficien

Modern traffic management considers the urban road network as an
interconnected system rather than isolated arterial corridors.

System-level management optimizes traffic operations across network grids
preventing bottleneck shifts from one intersection to adjacent junctions.

o Network-Wide Signal Coordination: Synchronizing traffic light cycles
along main arterial corridors

@ Hierarchy of Roads: Channeling long-distance trips onto
freeways/arterials to protect local streets

@ Access Management: Controlling driveways and median openings to
preserve arterial capacity

o Integrated Operations Control: Centralized monitoring of signal
controllers, CCTV, and message boards

315 /547
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Traffic Performance Indicators and Level of Service

(LOS)

Evaluating the effectiveness of traffic management strategies requires
quantitative performance indicators.

Level of Service (LOS) is a standardized qualitative measure representing
operating conditions within a traffic stream, graded from LOS A (free flow) to
LOS F (forced flow/breakdown).

Metric Description
LOS Criteria Based on delay, V/C ratio, travel speed, and density
Key Metrics Average delay, travel time reliability, queue length

Throughput Efficiency Actual vehicular volume to theoretical capacity
Safety Metrics Crash rates per million vehicle-kilometers (MVKT)
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Safety Integration in Traffic Management

Safety is a paramount objective in traffic management; operational schemes
must proactively protect vulnerable road users (VRUs).

Engineers apply Safe System principles, designing roads and traffic schemes
that accommodate human error and limit impact forces.

@ Vulnerable Road User (VRU) Protection: Dedicated space and signal
phases for pedestrians and cyclists

@ Speed Management: Speed zones, traffic calming, and automated radar
enforcement

@ Conflict Point Reduction: Reconfiguring complex intersections into
roundabouts or channelized junctions

@ Work Zone Safety: Standardized retroreflective signage, tapering, and
barrier protection during roadworks
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Policy Frameworks and Administrative Control

Implementing traffic management schemes requires robust legal policies,
regulatory frameworks, and institutional coordination.

In India, traffic management operates under provisions of the Motor Vehicles
Act, IRC standards, and municipal bylaws.

@ Regulatory Authority: Role of Regional Transport Offices (RTO), Urban
Development Authorities, and Traffic Police

@ IRC Codes: Standard guidelines for traffic signs (IRC:67), road markings
(IRC:35), and signals (IRC:93)

@ Urban Mobility Policies: National Urban Transport Policy (NUTP)
prioritizing transit and pedestrians

@ Inter-Agency Coordination: Harmonizing efforts between civil
infrastructure departments and law enforcement
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Summary & Key Takeaways

Traffic management focuses on optimizing existing infrastructure capacity
safely and efficiently through the integration of the 3 E's: Engineering,
Enforcement, and Education.

Key objectives include enhancing safety, reducing congestion, improving travel
reliability, protecting the urban environment, and balancing travel demand.

o Traffic management uses direct controls (signals, signs, turning
restrictions) and indirect TDM strategies

@ Performance is evaluated using Level of Service (LOS A to F) and travel
time reliability metrics

@ Network-wide signal coordination and access management prevent
localized bottlenecks

e Compliance with IRC guidelines (IRC:67, IRC:35) ensures technical and
legal standardization
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Definition and Scope of Street Furniture

Street furniture includes all auxiliary elements positioned within the road
right-of-way (ROW) to support traffic safety, pedestrian convenience, and
environmental quality.

Proper planning and installation of street furniture prevent clutter, maintain
clear zone distances, and ensure unhindered sight distance for motorists.

@ Functional Categories: Protective barriers, informational hardware,
pedestrian amenities, and lighting

@ Clear Zone Maintenance: Positioning hardware outside errant vehicle
run-off zones

e Standardization: Adherence to Indian Road Congress (IRC) structural and
layout specifications

@ Urban Identity: Harmonizing engineering utility with civic architectural
aesthetics
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Guardrails and Crash Barriers (W-Beam, Thrie-Beam)

Traffic containment barriers prevent errant vehicles from leaving the roadway,

colliding with roadside hazards, or crossing medians into opposing traffic lanes.

Flexible and semi-rigid barriers redirect vehicles upon impact, absorbing kinetic

energy and reducing deceleration forces imparted to vehicle occupants.

Type Description Application / Features

W-Beam Galvanized corrugated | Standard containment,
steel on posts flexible/semi-rigid

Thrie-Beam Double-corrugated steel | Higher containment for heavy

trucks/buses

Concrete (F-Shape)

Rigid concrete barrier

Narrow medians, high-volume
freeways
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Pedestrian Facilities and Bus Passenger Shelters

Pedestrian shelters and queuing hardware protect transit commuters from
weather elements while preventing overflow into active traffic lanes.

Proper layout of bus bays and passenger shelters encourages public transit
ridership and streamlines traffic flow along urban arterials.

@ Bus Shelter Placement: Setback distance from kerb lines (minimum 0.5m
to 1.0m setback)

o Passenger Queue Management: Guard railing to channel pedestrian flow
safely to boarding points

@ Universal Accessibility: Tactile paving, ramp access (1:12 slope), and
wheelchair maneuverability space

@ Passenger Information System (PIS): Integrated display boards for route
schedules and ETA
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Traffic Islands and Channelizing Devices

Traffic islands are raised or painted areas constructed within intersection
approaches to guide, separate, and regulate vehicle movements.

They eliminate ambiguous vehicle paths, create refuge zones for crossing
pedestrians, and house traffic signal poles and sign posts.

Traffic Islands (IRC:35)

— .

Divisional Channelizing Pedestrian Refuge
(Separate traf- (Direct turn- (Mid-
fic streams) ing paths) block/Intersection)
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Road Delineators and Hazard Markers (IRC:79)

Delineators are light-reflecting guidance devices installed along roadway
margins to outline alignment curves, narrowing lanes, and hazards during
nighttime.

They provide continuous spatial guidance to drivers, particularly on dark rural
highways, sharp horizontal curves, and bridge approaches.

@ Post Delineators: Flexible plastic or steel posts fitted with high-intensity
retroreflective sheeting

o Cat's Eyes / Raised Pavement Markers (RPM): Glass-bead or prism
reflectors anchored into asphalt

o Hazard Markers: Object markers delineating culvert end-walls, narrow
bridges, and median noses

@ Color Standards: White/yellow for travel directions, red for roadway
boundaries or dangerous edges
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Bollards and Pedestrian Access Control

Bollards are vertical short posts anchored into footpaths or plazas to restrict
vehicular access while allowing free pedestrian passage.

They serve structural anti-ram security functions, define pedestrian plazas, and
prevent illegal vehicular parking on sidewalks.

o Fixed Rigid Bollards: Steel-pipe or concrete posts designed for impact
resistance

@ Removable / Flexible Bollards: Polymer posts that rebound upon
low-speed impacts

@ llluminated Bollards: Integrated low-level lighting for pedestrian pathways
and crossings

@ Spacing Guidelines: 1.2m to 1.5m clear spacing between posts for stroller
and wheelchair clearance
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Street Lighting Hardware and Illumination Standards

Street lighting appurtenances include lighting poles, luminaires, brackets, and
electrical distribution boxes placed within the ROW.

Proper artificial illumination enhances nighttime visibility, reduces pedestrian
and vehicular accidents, and deters crime in urban zones.

o Lighting Standards: Average illuminance (lux) and uniformity ratio
criteria (IRC:66 / IS 1944)

@ Pole Types: Octagonal steel poles, high-mast towers for interchanges, and
frangible poles

o Frangible (Breakaway) Bases: Designed to shear off safely upon
high-speed vehicular collision

@ Energy Efficiency: Transition to LED fixtures with dynamic dimming and
smart photocell controls
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Material Selection and Durability Specification

Street furniture components must withstand severe environmental weathering,
UV radiation, heavy traffic vibration, and physical vandalism.

Civil engineers select materials based on structural strength, corrosion

resistance, lifecycle cost, and ease of replacement.

Material Class

Examples

Key Characteristics

Metals

Galvanized mild  steel,
stainless steel, aluminum

High strength, requires
corrosion protection

Polymers HDPE, recycled compos- | Weather resistant,
ites, polyurethane lightweight, flexible
Concrete UHPC, precast reinforced | High durability, rigid,

units

high impact resistance
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Ergonomic and Architectural Considerations in Urban

Design

Beyond structural safety, street furniture must satisfy human ergonomics,
accessibility standards, and urban visual aesthetic requirements.

Coordinated street furniture families create cohesive streetscapes, reducing
visual noise and enhancing public realm usability.

@ Ergonomic Bench Design: Seat height (400-450mm), backrest angle, and
armrest positioning for elderly users

@ Visual Harmony: Standardized color palettes, materials, and form factors
across urban corridors

@ Clutter Elimination: Co-locating utility poles, signposts, and lighting
fixtures on shared masts

o Vandal Resistance: Anti-graffiti coatings, tamper-proof fasteners, and
ruggedized enclosures
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Inspection, Maintenance, and Asset Management

Continuous maintenance of street furniture is required to sustain safety
performance, visibility, and structural stability.

Municipalities utilize Geographic Information Systems (GIS) and asset
management databases to schedule routine repairs and emergency
replacements.

@ Routine Inspection: Checking guardrail anchor tension, post alignment,
and retroreflective degradation

@ Emergency Repair Protocols: Rapid replacement of crash barriers
damaged during traffic collisions

o Cleaning & Painting: Removing dirt build-up on delineators and
repainting weathered steel posts

@ Asset Management Systems: GIS tagging of street furniture assets for
lifecycle maintenance tracking
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Summary of Street Furniture Essentials

Street furniture includes guardrails, traffic islands, delineators, bollards, bus
shelters, and street lights that safeguard and guide road users.

Engineers must select durable materials, comply with IRC guidelines, maintain
clear zones, and ensure breakaway safety standards.

@ W-beam and Thrie-beam barriers absorb crash energy and protect
vehicles from roadside hazards

@ Delineators and hazard markers (IRC:79) provide critical visual guidance
during nighttime driving

@ Traffic islands and bollards regulate vehicle movements while securing
pedestrian refuge zones

o Frangible lighting posts and breakaway hardware reduce impact severity
for errant vehicles
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Need and Objectives of Traffic Regulations

Without statutory traffic rules, road networks would succumb to chaotic
conflict, elevated accident rates, and severe gridlock.

Regulations establish clear right-of-way priorities, standardize road user
behavior, and empower police authorities to penalize dangerous driving
practices.

@ Conflict Elimination: Defining explicit right-of-way rules at intersections
and merges

o Safety Enforcement: Restricting high-risk behaviors such as speeding and
drunk driving

o Capacity Preservation: Preventing illegal parking and stopping that
blocks travel lanes

@ Protection of Infrastructure: Enforcing weight limits to prevent pavement
and bridge damage
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Motor Vehicle Legislation in India (Motor Vehicles

Act)

In India, the primary statutory law governing road transport is the Motor
Vehicles Act (MVA 1988, amended in 2019).

The MVA provides comprehensive legal regulations covering vehicle
registration, driver licensing, traffic offenses, penalties, and third-party

insurance.
Category Key Details / Sections
Structure CMVR and State-level enforcement rules
Key Sections Licenses (Sec 3-28), Registration (39-65), Control (112-138)
2019 Amendments | Stricter penalties, digital doc, electronic enforcement
Good Samaritan Legal safeguards for citizens assisting crash victims
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Driver and Vehicle Licensing Regulations

Driver licensing ensures that only qualified individuals with demonstrated
physical competence and traffic knowledge operate motor vehicles.

Vehicle fitness certification ensures that vehicles operating on public roads
satisfy safety, braking, lighting, and exhaust emission standards.

o Licensing Stages: Learner's License, Permanent License, and Commercial
Driving Endorsements

@ Medical and Vision Standards: Age eligibility (18+ for light vehicles, 20+
for transport)

o Fitness Certificate (FC): Mandatory annual/periodic mechanical
inspection for transport vehicles

@ Pollution Under Control (PUC): Statutory emission testing and
certification requirements
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Speed Regulations and Speed Zoning

Speed regulation is a fundamental traffic management tool; excessive or
inappropriate speed is a leading contributor to severe crashes.

Engineers establish speed zones based on spot speed studies (85th percentile
speed), road geometry, roadside development, and accident history.

; ; ‘ Speed
Min Speed  Mean 85th %ile
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One-Way Street Regulations and Operational Impact

Converting two-way streets into one-way operation is a powerful traffic
engineering technique to increase corridor capacity and reduce intersection
conflicts.

One-way systems eliminate head-on collision risks and simplify signal timing
phases at intersecting junctions.

o Conflict Reduction: Eliminates major left-turn / right-turn cross conflicts
at junctions

@ Capacity Increase: Enables multi-lane progression and full lane utilization

@ Signal Coordination: Simplifies green-wave synchronization along parallel
one-way pairs

o Disadvantages: Increased travel distances (circuitous routing) and
potential for higher vehicle speeds
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Turning Movement and Access Controls

Regulating turning movements (prohibiting U-turns or right/left turns)
prevents severe bottlenecks at high-volume urban intersections.

Access control regulations restrict direct driveway entrances onto arterial
highways, preserving high-speed travel throughput.

@ Prohibited Turns: Prohibiting turns during peak hours to maintain arterial
flow

@ U-Turn Restrictions: Prohibiting U-turns except at designated
channelized median openings

@ Access Management Regulations: Minimum driveway spacing standards
and service road requirements

@ Curb Cut Controls: Municipal permits required for property driveway
connections to public roads
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Parking Control and On-Street Enforcement Laws

Uncontrolled parking degrades carriageway width, reduces traffic flow capacity,
and creates severe safety hazards for pedestrians.

Parking regulations define prohibited zones, parking time limits,
loading/unloading zones, and fee-based parking structures.

@ No Parking / No Stopping Zones: Enforced near intersections, bridge
approaches, and bus stops

@ Time-Restricted Parking: 1-hour or 2-hour parking limits to encourage
high parking turnover

o Loading / Unloading Zones: Dedicated freight delivery windows during
off-peak hours

o Towing & Clamping Regulations: Statutory authorization for removing
illegally parked vehicles
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Vehicle Size, Weight, and Axle Load Limits

Legal limits on vehicle dimensions and axle weights protect pavement
structures, bridge decks, and overhead utility lines from catastrophic damage.

Overloaded trucks cause exponential pavement distress according to the
Fourth Power Law of axle loading.

Parameter Legal Limit / Detail

Max Width 2.6 m

Max Height 38-42m

Single Axle Load 10 tonnes

Tandem Axle Load 18 — 20 tonnes

Fourth Power Law Damage  (Load)*

WIM Automated toll plaza enforcement
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Pedestrian Rights and Crosswalk Regulations

Regulations protect non-motorized road users by establishing pedestrian
priority at designated crosswalks and zebra markings.

Drivers are legally obligated to yield to pedestrians standing at or crossing
within marked crosswalks.

@ Zebra Crossing Priority: Statutory duty of motorists to stop for
pedestrians at uncontrolled marked crossings

@ Pedestrian Signal Compliance: Legal obligation for pedestrians to obey
walk/don't-walk light phases

@ School and Hospital Zones: Strict 20-30 km/h speed zones enforced with
enhanced legal penalties

e Jaywalking Provisions: Regulations restricting mid-block pedestrian
crossings near pedestrian overpasses
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Traffic Violation Enforcement Methods and Penalties

Enforcement translates statutory traffic laws into actual driver compliance
through police monitoring and automated technology.

Modern enforcement employs penal fines, license suspension, penalty point
systems, and court prosecution.

@ Manual Police Enforcement: On-spot interceptors, breathalyzer testing,
and physical challans

@ Automated E-Challan Systems: Speed cameras and Automated Number
Plate Recognition (ANPR)

@ Penalty Point System: Cumulative demerit points leading to mandatory
driver license suspension

o Deterrent Penalties: Steep fines for drunk driving, red-light jumping,
helmetless riding, and phone use
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Summary of Fundamental Traffic Regulatio

Traffic regulations provide the legal foundation for safe and efficient
transportation, codified under the Motor Vehicles Act and local traffic rules.

Engineers must design roads in alignment with statutory rules governing speed
zoning, vehicle dimensions, one-way systems, and parking limits.

@ The Motor Vehicles Act regulates driver licensing, vehicle fitness, and
traffic violation penalties

@ Speed limits are established using 85th percentile speed studies and
geometric zoning criteria

@ One-way streets and turn controls eliminate major intersection conflict
points

@ Weight limits protect pavement structures from exponential damage
governed by the Fourth Power Law
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Role of Geometrics in Traffic Operations and Safety

Geometric design serves as the physical interface between the driver, vehicle,
and roadway environment.

Proper geometrics accommodate vehicle operating characteristics, provide

forgiving roadside clear zones, and minimize driver workload at critical decision
points.

@ Capacity Maximization: Providing adequate lane widths, shoulders, and
turning radii

o Safety Enhancement: Eliminating sharp blind curves, abrupt lane drops,
and short sight distances

@ Driver Comfort: Designing smooth transition curves and balanced
super-elevation rates

@ IRC Compliance: Adherence to IRC:73 (Urban Roads) and IRC:37 /
IRC:86 guidelines
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Intersection Classification (At-Grade vs

Grade-Separated)

Intersections are critical nodes in road networks where two or more traffic
streams cross, diverge, or merge.

Engineers classify junctions into At-Grade Intersections (uncontrolled, priority,
signalized, or rotary) and Grade-Separated Intersections (interchanges and
overpasses).

@ Unsignalized At-Grade: Stop-controlled, Yield-controlled, and priority
junctions

@ Signalized At-Grade: Time-sharing junctions controlled by traffic signal
phases

@ Rotary Intersections: Self-regulating circular junctions operating on
weaving flow

o Grade Separations: Flyovers, underpasses, trumpet, cloverleaf, and
diamond interchanges
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Conflict Points at Intersections (3-Leg and 4-Leg

Junctions)
A conflict point is any location within an intersection where traffic paths cross,
merge, or diverge, presenting potential collision risks.

The number of conflict points increases exponentially with the number of
intersecting legs and travel lanes.

Intersection Type | Crossing | Merging | Diverging | Total
4-Leg Uncontrolled 16 8 8 32
3-Leg (T-Junction) 3 3 3 9

@ Crossing Conflicts: Most severe type, causing right-angle T-bone
collisions.

o Conflict Mitigation: Channelization, signalization, or roundabouts.
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Principles of Intersection Channelization

Channelization involves using raised islands, curb radii, and pavement
markings to direct traffic into defined travel paths.

Channelized intersections eliminate broad unguided pavement areas, force
turning vehicles to cross opposing streams at near-right angles (75°-90°), and
separate conflicting movements.

@ Path Confinement: Preventing drivers from taking erratic or dangerous
shortcut paths

o Crossing Angle Optimization: Ensuring intersecting streams meet at 75°
to 90° for optimal visibility

o Refuge Provisions: Creating safe raised islands for crossing pedestrians
and signal posts

@ Speed Control: Using curved island radii to decelerate turning traffic to
safe speeds
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Rotary Intersections (Roundabouts) - Geometry and

Weaving

A traffic rotary is a specialized channelized intersection where all entering
traffic moves in a single direction around a central raised island.

Vehicular streams enter the rotary, weave into the circulating traffic stream,
and exit at their desired leg without stopping.

@ Weaving Section: The length of rotary roadway where entering and
exiting vehicles cross paths

@ Entry Radius & Speed: Curved entry island design to limit entering
speeds to 30-40 km/h

o Central Island Shape: Circular, elliptical, or elongated to fit traffic volume
proportions

@ IRC:65 Criteria: Recommended for total intersecting volumes between
500 and 3,000 veh/hr
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Sight Distance Requirements at Intersections (ISD)

Intersection Sight Distance (ISD) provides drivers entering or crossing a major

road with adequate line-of-sight to perceive oncoming vehicles and complete
maneuvers safely.

Engineers construct clear 'Sight Triangles' at uncontrolled and yield-controlled
intersection corners.

A
.\
@ Sight Triangle: Obstruction-free >
sight lines on approaches. Cigar Zne
@ SSD: Minimum stopping distance. B
o ISD Criteria: 1.5 to 2.0x SSD. ®

o Clearance: Removing walls,
vegetation, signs.
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Horizontal Alignment Geometrics (Radius,

Super-elevation, Transition Curves)

Horizontal alignment consists of straight tangents connected by circular
horizontal curves and transition curves.

Super-elevation (e) is the transverse banking of the outer edge of pavement
on curves to counteract centrifugal force.

@ Centrifugal Force Equilibrium: e 4+ f = JW' where f is side friction
@ Transition Curves: Provide gradual curvature change

Terrain Type Max Super-elevation (ep.x) Remarks
Plain / Rolling 7% (0.07) Standard limit
Hilly / Steep 10% (0.10) Not bound by snow
Urban (Frequent Stops) 4% (0.04) To prevent sliding
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Vertical Alignment Geometrics (Gradients, Crest &

Sag Curves)

Vertical alignment consists of longitudinal gradients connected by vertical
parabolic crest and sag curves.

Vertical curves provide smooth transitions between changes in grade while
preserving stopping sight distance over hill crests.

@ Ruling Gradients: Maximum design gradient for normal terrain (3.3% to
5.0% per IRC:73)

@ Crest Vertical Curves: Designed to guarantee Stopping Sight Distance
(SSD) over the summit

@ Sag Vertical Curves: Designed for headlight sight distance (HSD) and
comfort criteria at night

o Grade Compensation: Reducing steep gradients on sharp horizontal
curves to offset combined resistance
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Median Openings and Right-Turn Lanes Design

Divided highways require properly spaced median openings and dedicated
exclusive turning lanes to facilitate access without disrupting high-speed
through traffic.

Exclusive right-turn (or left-turn in left-hand drive systems) lanes provide
storage space for deceleration and queuing.

@ Median Opening Spacing: Minimum 200m to 500m spacing along urban
arterials to prevent friction

@ Exclusive Turn Lanes: Consist of entry taper, deceleration length, and
queue storage length

o Taper Ratios: 1:8 to 1:15 taper ratios for smooth vehicular entry into
turn pockets

@ Storage Length: Sized to accommodate 1.5 to 2.0 times the average peak
period queue length
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Speed-Change Lanes (Acceleration and Deceleration

Lanes)

Speed-change lanes are auxiliary lanes provided adjacent to expressways and
high-speed arterials to allow entering or exiting vehicles to adjust speed safely.

Deceleration lanes allow exiting drivers to slow down outside the through
traffic lane; acceleration lanes allow entering drivers to speed up and merge
smoothly.

@ Deceleration Lane Length: Computed based on initial highway speed and
safe turn-off ramp speed

@ Acceleration Lane Length: Sized for vehicles to accelerate from ramp
speed to highway cruising speed

@ Taper Design: Providing gradual lateral transition for merging and
diverging maneuvers

o Operational Benefit: Prevents rear-end collisions caused by sudden
braking on mainline freeways
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Summary of Traffic Geometrics Principles

Traffic geometrics translates vehicular dynamics and human factors into
physical roadway dimensions, optimizing capacity, safety, and operational
efficiency.

Engineers apply IRC design standards to intersections, sight triangles,
super-elevation, vertical curves, and auxiliary lanes.

@ Intersections are engineered to minimize crossing conflict points through
channelization and roundabouts

@ Sight triangles guarantee adequate Stopping Sight Distance (SSD) and
Intersection Sight Distance (ISD)

@ Super-elevation (e + f = V2/127R) counteracts centrifugal forces on
horizontal curves

@ Speed-change lanes and median turn pockets isolate
decelerating/accelerating vehicles from through traffic
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4.1 Principles and Objectives of Traffic Management
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Advanced Transportation Demand Management

(TDM) Strategies

Advanced TDM integrates economic incentives, policy mandates, and digital
technologies to fundamentally shift urban mobility away from private
automobile dependency.

By managing peak demand rather than endlessly expanding physical road
supply, municipalities achieve sustainable urban mobility outcomes.

o Mobility as a Service (MaaS): Integrating multimodal travel platforms
into unified subscriptions

o Telecommuting & Staggered Hours: Spreading peak directional surges
across wider time windows

o Commute Trip Reduction (CTR) Programs: Employer-mandated transit
subsidies and carpool incentives

@ Active Transportation Integration: Expanding dedicated protected bicycle
networks and pedestrian zones
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Congestion Pricing and Electronic Road Pricing

(ERP)

Congestion pricing internalizes the social costs of traffic delays by charging
motorists a fee to drive in heavily congested urban centers during peak hours.

Electronic Road Pricing (ERP) utilizes overhead gantries, RFID transponders,
and ANPR cameras to automatically deduct distance and time-variable tolls.

Pricing Strategy | Mechanism

Examples

Cordon Pricing Fixed fee for vehicles crossing des-
ignated boundaries

Distance Pricing Variable tolls adjusting automati-
cally to traffic speeds

London, Stockholm

Singapore ERP

@ Economic Principle: Equating marginal private cost with marginal social

cost
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Tidal Flow Operations and Reversible Lanes

Tidal flow occurs when peak hour traffic exhibits extreme directional

imbalance, with heavy flow toward central areas in the morning and outbound
in the evening.

Reversible lane systems dynamically change the directional orientation of
central lanes to match peak demand imbalances.

@ Operational Mechanism: Reallocating underutilized off-peak lanes to the
heavy directional flow

@ Lane Control Signals (LCS): Overhead green arrow / red cross LED
gantries indicating lane status

@ Moveable Concrete Barriers: Mechanical 'zipper trucks' shifting physical
barriers twice daily

@ Safety Requirements: Strict interlock timing to prevent head-on collisions
during direction shifts
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Transit Priority Systems and Bus Rapid Transit

(BRT) Lanes

Transit priority management elevates the person-throughput of road corridors
by giving high-capacity buses dedicated right-of-way and signal priority.

Bus Rapid Transit (BRT) systems combine dedicated median busways with
off-board fare collection to deliver rail-like speed and capacity at a fraction of
rail construction costs.

@ Dedicated Right-of-Way: Physical median separation isolating buses from
mixed traffic congestion

@ Transit Signal Priority (TSP): Extending green light phases or
abbreviating red phases upon bus detection

@ Level Boarding Stations: Elevated platforms facilitating rapid wheelchair
and passenger boarding

@ Person-Throughput Optimization: Prioritizing space allocation based on
passenger volume rather than vehicle count
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High-Occupancy Vehicle (HOV) and High-Occupancy

Toll (HOT) Lanes

HOV lanes reserve exclusive highway lanes for vehicles carrying multiple
occupants, encouraging carpooling.

HOT lanes convert underutilized HOV lanes into managed toll lanes for solo
drivers.

Lane Type | Access Requirements Primary Benefit

HOV Lane | Minimum occupancy (e.g., | Encourages carpooling, re-
2+ or 3+ persons) duces total vehicles

HOT Lane | Minimum occupancy OR | Utilizes spare capacity,
variable toll payment maintains free-flow speed

o Enforcement & Pricing: Camera-based occupancy verification and
dynamic toll rates

o Revenue Recycling: Reinvesting HOT toll revenues into local transit
operations
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Parking Demand Management and Dynamic Pricing

Parking management uses pricing, supply caps, and smart guidance to
eliminate unnecessary cruising for parking spaces, which accounts for up to
30% of downtown traffic.

Dynamic performance-based parking rates adjust according to real-time
occupancy to ensure 15% open space availability on every block.

@ Performance-Based Pricing: Raising rates during high demand to
maintain 1-2 open spaces per block

@ Smart Parking Sensors: In-ground geomagnetic sensors detecting vehicle
occupancy in real time

@ Variable Message Guidance: Displaying live parking space availability on
digital street signs

@ Parking Caps: Capping maximum parking spaces in new commercial
developments to discourage car ownership
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Traffic Calming and Neighborhood Traffic

Management

Traffic calming uses physical road design modifications to reduce motor vehicle
speeds and cut through-traffic in residential neighborhoods.

Traffic Calming Measures

P BN

Vertical Horizontal Volume Control

Speed humps, Chicanes, Diagonal diverters,
raised crosswalks bulb-outs dead-ends

@ Prioritizes neighborhood livability and 30 km/h zones for safety
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Real-Time Traffic Information & Dynamic Message

Signs (DMS)

Providing drivers with dynamic, real-time traffic information allows them to
adjust travel decisions, divert around incidents, and select optimal routes.

Information is disseminated via roadside Dynamic Message Signs (DMS),
mobile navigation apps, radio broadcasts, and roadside beacons.

@ Dynamic Message Signs (DMS): Overhead electronic LED boards
displaying travel times and hazard warnings

@ Incident Diversion Guidance: Informing motorists of downstream
accidents and suggesting alternative bypass routes

o Connected Vehicle Feeds: Feeding GPS floating car data into centralized
traffic management platforms

@ Driver Compliance: Timely, accurate information reduces stress and
smooths network bottleneck spikes
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Low Emission Zones (LEZ) and Environmental

Traffic Management

Environmental traffic management imposes operational restrictions based on
vehicle emissions to protect air quality and public health in urban areas.

Low Emission Zones (LEZ) restrict or tax older, highly polluting diesel and
petrol vehicles entering sensitive urban areas.

@ Emission Standards Enforcement: Restricting non-BS IV / non-BS VI
vehicles via ANPR cameras

@ Ultra Low Emission Zones (ULEZ): Operating 24/7 with strict financial
penalties for non-compliant vehicles

@ Zero Emission Zones (ZEZ): Restricting central shopping districts
exclusively to electric vehicles and pedestrians

@ Air Quality Index (AQI) Linkage: Triggering emergency truck bans during
severe smog alerts
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Case Studies of Urban Traffic Management

Implementations

Analyzing real-world case studies demonstrates the measurable impacts of
integrated traffic management strategies in major metropolitan areas.

Successful implementations combine physical infrastructure upgrades,
intelligent signal control, TDM policy, and public transit investment.

@ Ahmedabad Janmarg BRTS: Dedicated median corridor achieving high
transit modal share and reduced arterial delays

@ London Congestion Charging & ULEZ: Reduced central city vehicle
volumes by 20% and NO, emissions by 35%

@ Tokyo Traffic Control Center: Comprehensive signal coordination and
real-time incident response network

o Key Lessons: Political commitment, public communication, and
enforcement technology are critical to success
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Summary of Advanced Traffic Management Principles

Advanced traffic management moves beyond physical road expansion by
utilizing congestion pricing, transit priority, reversible lanes, and real-time
traveler information.

Integrated management balances mobility, environmental health, economic
vitality, and safety across urban transportation networks.

@ TDM and congestion pricing alter commuter behavior and shift demand
to off-peak hours and public transit

@ Reversible lanes and tidal flow systems maximize lane capacity during
severe directional peak surges

@ BRT lanes and Transit Signal Priority (TSP) optimize person-throughput
across urban arterial corridors

@ Traffic calming and Low Emission Zones safeguard neighborhood livability
and urban air quality
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4.2 Street Furniture




Advanced Crash Cushions and Impact Attenuators

Impact attenuators (crash cushions) are life-saving roadside safety devices
installed in front of rigid hazards such as gore areas, bridge piers, and barrier
ends.

They operate by progressively crumpling or shearing under vehicle impact,
safely decelerating errant high-speed vehicles.

Head-on Impact Lateral Impact
(Compressible Cartridge) (Redirection to Roadway)

~

{ Rigid Hazard Protection }

(Gore Areas, Bridge Piers)
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Pedestrian Safety Hardware & Refuge Island Design

Pedestrian hardware provides physical protection for non-motorized road users
at multi-lane crossings and busy intersections.

Pedestrian refuge islands divide wide carriageways into two manageable stages,
allowing slow-moving pedestrians to wait safely in the median.

o Refuge Island Width: Minimum 1.5m clear width (2.0m preferred) to
accommodate wheelchairs and strollers

@ Pedestrian Guardrails: High-strength steel or aluminium fences guiding
pedestrians toward zebra crossings

@ Staggered Crossing Layout: Z-pattern pedestrian gates forcing
pedestrians to face oncoming traffic

@ llluminated Pedestrian Beacons: High-visibility flashing yellow beacons at
uncontrolled mid-block crossings

Slide Creator DI04006081: Traffic Engineering 370 /547



Tactile Paving and Accessibility Solutions (ADA /

IRC:103)

Tactile ground surface indicators (TGSI) provide physical sensory guidance for
visually impaired pedestrians navigating footpaths and crossings.

Compliance with IRC:103 (Guidelines for Pedestrian Facilities) ensures
universal accessibility across urban transportation infrastructure.

@ Directional Tactiles: Raised parallel flat-topped bars indicating safe travel
direction along sidewalks

@ Warning Tactiles: Raised truncated domes alerting visually impaired
pedestrians to kerb drops and hazards

@ Luminous Contrast: Minimum 30% luminance contrast against
surrounding footpath pavement tiles

@ Flush Kerb Ramps: Dropped kerbs with anti-slip surfaces and maximum
1:12 ramp slopes at crosswalks
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Bicycle Infrastructure Hardware & Micro-Mobility

Parking

Supporting cycling and micro-mobility (e-scooters) requires dedicated street
furniture, including secure bike racks, repair kiosks, and protective lane
dividers.

Well-designed bike parking protects bicycles from theft and weather while
keeping sidewalks free from random obstruction.

o Inverted-U Bike Racks: Standard stainless steel loop supporting the
bicycle frame at two points

@ Protected Bike Lane Barriers: Flexible bollards, raised rubber curb
separators, and planters isolating cycle tracks

@ Bike Repair Stations: Public multi-tool kiosks with integrated tire
inflation pumps

@ Docking Stations: Electric bike and scooter charging platforms at transit
hubs
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Acoustic Barriers and Environmental Noise Walls

Noise barriers are vertical solid structures erected alongside high-speed

expressways to shield adjacent residential communities from traffic noise
pollution.

Engineers design acoustic walls to attenuate noise levels through acoustic
reflection, absorption, or diffraction over the wall top.

@ Acoustic Materials: Precast concrete panels, perforated aluminum with
rockwool core, or transparent acrylic

@ Noise Reduction Targets: Attenuating highway noise levels by 5 to 15
decibels (dB(A))

@ Structural Wind Loads: Designing deep pile foundations to resist severe
lateral wind forces on tall panels

@ Visual Aesthetics: Incorporating textured surfaces, greenery, and
transparent top panels to prevent tunnel effect
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Smart Street Furniture & loT Infrastructure

Integration

Smart street furniture integrates Sensors, Internet of Things (loT)
connectivity, and digital displays into physical urban hardware.

Utility poles are upgraded to multi-functional smart poles housing

micro-cellular small cells, air quality sensors, CCTV, and EV charging ports.

5G Small Cells &
Public Wi-Fi

Smart Pole
(loT Hub)

EV Charging Environmental
Ports Sensors

CCTV &
Security
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Solar-Powered Street Furniture & Energy Au

Integrating photovoltaic solar panels into street furniture enables energy
self-sufficiency, lowering municipal grid electricity reliance.

Solar-powered hardware operates reliably during power outages, maintaining
critical illuminated signs and emergency call boxes.

@ Solar Bus Shelters: Roof-mounted solar PV modules powering interior
lighting and dynamic transit displays

@ Solar Delineators & RPMs: Self-luminous LED road studs storing solar
energy during daytime

@ Emergency Call Boxes (SOS): Solar-powered roadside emergency phones
along remote expressways

o Battery Storage: LiFePO4 lithium batteries ensuring 3 to 5 days of
operational autonomy during rainy spells
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Anti-Glare Screens and Median Blinders (IRC:79)

Anti-glare screens are vertical blades mounted along central median barriers to
block high-beam headlight glare from opposing traffic streams.

Glare screens improve nighttime driver visibility, reduce eye fatigue, and
maintain clear sight lines along curved median alignments.

o Blade Geometry: High-density green polyethylene blades spaced at
calculated angular intervals

o Blade Pitch & Angle: Mounted at 15° to 20° angles to block oncoming
glare while allowing transverse visibility

@ Wind Resistance: Aerodynamic blade profile minimizing lateral wind drag
on median barriers

@ IRC Guidelines: Recommended on unlit multi-lane divided highways and
horizontal curves
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Work Zone Furniture & Temporary Traffic Control

Hardware

Temporary street furniture protects construction workers and motorists in
highway work zones.

Standardized channelizing hardware guides drivers safely through temporary
detours, lane closures, and construction drop-offs.

Hardware Type Primary Function

Traffic Cones & Drums High-visibility channelization for short-
term detours

Water-Filled Barriers Temporary impact containment and
physical separation

Sequential Arrow Boards Directing drivers to merge early via flash-
ing LEDs

Truck-Mounted Attenuators | Mobile crash cushions shadowing road-
work crews
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Architectural Integration and Urban Aest

Street furniture design must harmonize with historical, cultural, and
architectural streetscape contexts.

Civil engineers collaborate with urban designers to select unified hardware
styles that eliminate clutter and project a strong civic identity.

@ Design Themes: Modernist, heritage, or eco-minimalist furniture families
matched to urban character

@ Color Coordination: Standardized powder-coat finishes (e.g., anthracite
grey, dark green, or stainless steel)

@ Co-location Principles: Combining signs, signals, and streetlights onto
single structural masts

@ Maintenance Accessibility: Ensuring easy access panels for electrical and
sensor maintenance
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Summary of Advanced Street Furniture Technologies

Advanced street furniture integrates impact absorption, universal accessibility,
micro-mobility amenities, noise attenuation, and smart loT connectivity.

Compliant engineering designs protect motorists, preserve pedestrian dignity,
and support smart city operations.

@ Impact attenuators crumple under impact to safely decelerate errant
high-speed vehicles

Tactile paving (IRC:103) and flush kerb ramps guarantee universal
accessibility for visually impaired citizens

@ Noise barriers and anti-glare screens mitigate environmental noise
pollution and night driving glare

Smart multi-functional poles combine lighting, 5G micro-cells,
environmental sensors, and EV chargers
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Access Control Regulations and Freeway Entry

Management

Access control regulations legally restrict direct driveway and side-street
connections to expressways and high-speed arterial highways.

Limiting access points preserves high travel speeds, prevents friction collisions,
and protects public investments in primary highway corridors.

@ Full Access Control: Complete prohibition of direct property access; entry
permitted only via grade-separated interchanges

o Partial Access Control: Access restricted to designated service roads and
spaced channelized junctions

@ Ramp Metering Regulations: Traffic signals regulating entering vehicle
rate onto freeways during peak hours

o Legal Right of Way Acquisition: Statutory compensation for property
owners losing direct access
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Commercial Vehicle Freight Regulations & Truck

Restrictions

Heavy commercial freight trucks impose disproportionate pavement wear,
visual obstruction, and noise pollution in urban residential districts.

Municipalities enforce truck routing regulations, gross weight bans, and
time-of-day entry curfews to segregate freight from passenger traffic.

@ Peak Hour Entry Bans: Prohibiting heavy vehicles (GVW ; 7.5 tonnes)
from central city zones during peak morning/evening hours

@ Designated Freight Corridors: Mandatory truck bypass routes steering
heavy cargo around urban cores

o Off-Peak Night Delivery: Regulating commercial loading and unloading
exclusively to night windows (10 PM - 6 AM)

@ Dangerous Goods Transport: Statutory licensing and routing restrictions
for hazardous materials (HAZMAT)
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Pedestrian Zone Regulations and Quiet Streets

Pedestrianization regulations legally ban or severely restrict motor vehicle
access in commercial shopping districts and historic centers.

Living streets (Woonerf concept) legally prioritize pedestrians and children,
forcing motor vehicles to adapt to walking speeds.

Zone Type Regulatory Characteristics

Full Enclosure Total prohibition of private vehicles 24/7

Time-Shared Vehicle access permitted only for loading
(off-peak)

Woonerf (Shared) | Pedestrians have absolute right-of-way every-
where

Speed Restricted Enforced 10-15 km/h limit for all entering
vehicles
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Speed Zoning Legal Procedures & Engineering Audits

Setting legally enforceable speed limits requires a formal engineering speed
study and statutory notification by transport authorities.

Arbitrary speed limits set without proper engineering audits lead to high
non-compliance rates and fail to hold up in court prosecutions.

@ Speed Audit Methodology: Collecting spot speed data for minimum 100
vehicles under free-flow conditions

@ 85th Percentile Rule: Setting posted speed limits within 5 km/h of the
measured 85th percentile speed

@ Gazette Notification: Statutory publishing of revised speed zones in
government gazettes for legal validity

@ Speed Buffer Allowance: Legal tolerance thresholds (e.g., +5% to +10%)
applied before issuing speed fines
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Legal Framework for Signalized Control & Priority

ROIES

Traffic signals derive their legal authority from statutory road regulations;
drivers are legally bound to obey illuminated signal indications.

Regulations define exact legal meanings for solid green, amber, red, flashing
yellow, and turn arrow signal indications.

@ Amber Light Rule: Drivers must stop before the stop line unless stopping
cannot be done safely

o Free Left Turn Regulation: Allowed only where explicitly signed or
permitted under specific state traffic rules

o Pedestrian Signal Priority: Mandatory driver stop during active pedestrian
green/walk light indications

o Failure to Comply Penalties: Statutory classification of red-light running
as dangerous driving
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Automated Speed Enforcement & ANPR Camera

Law

Automated Speed Enforcement (ASE) utilizes radar/lidar sensors linked with

Automated Number Plate Recognition (ANPR) cameras to capture speeding
violations continuously.

Enforcement statutes permit computer-generated digital photographic
evidence to be legally admissible in traffic courts.

o Point-to-Point (Average Speed) Cameras: Measuring vehicle travel time
between two distant camera gantries

o Digital Certificate Integrity: Timestamping and encrypting high-resolution
photographic evidence to prevent tampering

@ Owner Liability Presumption: Statutory legal presumption holding
registered vehicle owners liable for camera fines

@ E-Challan Issuance: Automated delivery of digital violation notices via
SMS and government portals
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Red Light Camera Enforcement (RLCE) Regulations

Red Light Camera Enforcement (RLCE) systems automatically capture
vehicles crossing the stop line after the signal phase transitions to solid red.

System sensors (in-pavement induction loops or video tracking) trigger dual
high-resolution photos showing the vehicle before and after entering the

junction.
RLCE
Camera
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Emergency Vehicle Preemption & Right of Way Laws

Statutory regulations accord absolute right-of-way priority to active emergency
vehicles (ambulances, fire engines, police interceptors).

Drivers are legally required to pull over to the nearest road edge and stop
upon hearing emergency sirens or seeing flashing lights.

@ Yielding Duty: Statutory obligation for all road users to yield immediate
clear passage to emergency vehicles

@ Acoustic & GPS Preemption: Traffic signal controllers automatically
clearing green corridors for approaching emergency vehicles

@ Penalties for Obstruction: Heavy statutory fines and mandatory license
suspension for failing to yield or tailgating ambulances

o Emergency Vehicle Speed Exemptions: Authorized emergency drivers
exempted from posted speed limits when driving safely
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Traffic Calming Regulatory Compliance & Standard

Signs

Physical traffic calming measures must comply with standard sign warnings
and pavement markings to prevent driver loss of control.

IRC guidelines mandate advance warning signs, speed advisory plates, and
retroreflective chevrons preceding physical humps or chicanes.

@ Standard Warning Signage: IRC:67 compliant 'Speed Breaker Ahead’
triangular warning signs placed 40m in advance

@ Pavement Markings: High-visibility white thermoplastic chevrons painted
on raised hump surfaces (IRC:35)

@ Dimensions Compliance: Hump profile geometry strictly adhering to
IRC:99 (3.7m span, 100mm height)

@ Municipal Liability: Legal exposure for municipalities installing
non-standard or unpainted speed humps
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Legal Adjudication, Appeal Procedures & Penalty

Point Systems

Traffic enforcement systems incorporate due process, providing citizens with
statutory rights to appeal e-challans in virtual traffic courts.

Penalty point (demerit) systems track cumulative driver infractions over a
rolling period, triggering automatic driver license suspensions.

System Aspect Points | Action / Consequence

Minor Offenses 2 Warning and recorded on driver profile
Moderate (Speeding) 4 E-Challan and intermediate fines

Severe (Red Light) 6 Heavy fines, potential court summons
Suspension Threshold 12 Mandatory 6-month license revocation
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Summary of Operational Traffic Regulatio

Operational traffic regulations enforce access control, freight truck curfews,
pedestrian priority zones, and automated camera enforcement.

Adherence to statutory speed auditing, standard signal rules, and legal due
process ensures public safety and public trust.

@ Access control and truck curfews preserve arterial capacity and protect
residential urban zones

@ Speed zones must be supported by 85th percentile spot speed audits and
formal gazette notifications

o Automated enforcement (ANPR, red-light cameras) provides objective
24/7 traffic violation tracking

@ Demerit point systems and virtual traffic courts ensure fair adjudication
and progressive driver discipline

Slide Creator DI04006081: Traffic Engineering 391 /547



Lecture 4.33

4.4 Traffic Geometrics




Grade-Separated Interchanges - Types and Layouts

Grade-separated interchanges eliminate crossing conflicts between major traffic
streams by routing opposing movements onto separate vertical bridge levels.

Engineers select interchange types based on traffic volume demand,
right-of-way availability, construction cost, and terrain constraints.

Interchange Type | Characteristics

Diamond Standard high-efficiency layout connecting minor ar-
terial roads to major freeways

Full Cloverleaf 4-leg system using loop ramps for left turns; elimi-
nates all crossing conflicts but introduces weaving

Trumpet Ideal 3-leg junction layout for connecting a highway
stub or toll road to a main freeway

SPUI Compact urban layout consolidating all turning
movements under one bridge span
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Interchange Ramp Geometrics (Design Speed,

Radius, Gradients)

Highway ramps are directional roadways connecting two grade-separated legs
of an interchange.

Ramp geometric design balances design speed, minimum horizontal curvature,
maximum longitudinal gradients, and adequate super-elevation.

@ Ramp Design Speed: Typically 50% to 70% of the mainline freeway
design speed (40-70 km/h)

@ Minimum Ramp Curvature: Derived from speed and maximum
super-elevation (emax = 8% — 10%)

@ Maximum Gradients: Desirably under 4% to 5% to allow heavy trucks to
maintain climbing speed

@ Loop Ramp Geometry: Radii typically constrained to 40m-60m, requiring
low design speeds (30-40 km/h)
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Ramp Terminal Design & Merge/Diverge Geometrics

Ramp terminals represent the transition zones where ramps connect with
mainline expressway lanes.

Geometric design must provide smooth taper angles, adequate sight distance,
and sufficient speed-change lane lengths to prevent lane-changing friction.

e Entrance Terminals (Merging): Flat convergence angles (1:30 to 1:50
taper) allowing gradual merging into traffic stream gap

e Exit Terminals (Diverging): Direct taper design (1:15 to 1:25) allowing
exiting drivers to decelerate out of mainline traffic

@ Lane Balance Rule: Mainline lanes plus ramp lanes leaving an interchange
should equal or exceed total approaching lanes

@ Gore Area Geometry: Neutral triangular pavement zone marked with
chevrons separating main lanes from ramp lanes
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Driveway and Commercial Access Geo

Driveways act as miniature at-grade intersections connecting private
commercial /residential properties to public arterial streets.

Improper driveway geometry introduces severe conflict points, causing rear-end
crashes and blocking arterial travel lanes.

@ Driveway Widths: 3.5m to 6.0m for residential; 7.5m to 10.5m for
commercial double-lane access

@ Corner Radius: 4.5m to 9.0m curb return radii permitting smooth
turn-ins without encroaching on adjacent lanes

@ Driveway Throat Length: Internal storage length preventing exiting
vehicles from queuing back onto public streets

o Sight Distance: Unobstructed sight triangles for drivers exiting property
driveways onto public roads

Slide Creator DI04006081: Traffic Engineering 396 / 547



Turning Radius for Heavy Commercial Vehicles

(Swept Path Analysis)

Heavy trucks and semi-trailers exhibit significant 'off-tracking'—where rear
trailer wheels follow a tighter path than front steering wheels during turns.

Engineers perform Swept Path Analysis to ensure intersection curb radii, turn
lanes, and roundabouts accommodate maximum design vehicle dimensions.

@ Design Vehicle Classes: Light vehicles (P), Single-unit trucks (SU),
Semi-trailers (WB-15 / WB-20 per IRC)

@ Off-Tracking Phenomenon: Difference in path radius between front outer
wheel and rear inner wheel

e Extra Widening on Curves: W, = g—"; +3 5‘</E (mechanical +
psychological widening)

@ Software Verification: CAD-based AutoTURN software simulating vehicle
turn envelopes
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Unsignalized Junction Sight Triangles & Corner Radii

Unsignalized intersections rely on clear geometric sight triangles to allow
drivers on side approaches to evaluate safe gaps in major road traffic.

Proper corner curb radii balance turning speeds of passenger cars against
pedestrian crossing distance exposure.

@ Approach Sight Triangle: Distance required for driver approaching yield
sign to perceive and react to crossing traffic

@ Departure Sight Triangle: Distance required for driver stopped at stop
sign to accelerate into major road stream gap

@ Corner Curb Radius Trade-off: Small radii (3-5m) slow turning vehicles
and shorten pedestrian crossing length

o Large Corner Radii (10-15m): Accommodate heavy trucks but increase
turning speeds and pedestrian hazard exposure
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Pedestrian & Bicycle Geometric Provisions (Refuge

Islands, Curb Ramps)

Integrating pedestrian and bicycle geometry into road designs ensures safe
co-existence with motorized traffic streams.

Engineers apply specific dimensional standards for sidewalk widths, protected
cycle tracks, curb extension bulb-outs, and median refuges.

Provision Geometric Standard

Sidewalk Width | Min 1.8m (residential), 2.5m to 4.0m (commercial
high-density corridors)

Curb Extensions | Extending kerb line into parking lane at crosswalks
to reduce crossing distance by 30-50%

Cycle Track Minimum 2.0m one-way / 3.0m two-way width sep-
arated by 0.5m buffer kerb
Curb Ramp Maximum 1:12 slope with tactile detectable warning

surfaces at footway edges
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Traffic Calming Geometry (Chicanes, Speed Tables,

Speed Humps)

Traffic calming devices rely on precise geometric dimensions to enforce
targeted operating speeds (30 km/h) without damaging vehicles.

Sub-standard geometry causes excessive vehicle discomfort or fails to slow
down speeding vehicles effectively.

Device Geometry

Speed Hump Parabolic profile, 3.7m span, 100mm height de-
signed for 25 km/h crossing speed

Speed Table Raised flat-topped table (6.0m to 9.0m length) in-
corporating zebra crosswalks

Chicane Alternating curb extensions creating S-shaped hori-
zontal slalom path with 45° offset tapers

Mini-Roundabout | Fully traversable domed central island (1.0m to
4.0m diameter) in tight urban grid junctions
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Modern Roundabouts vs Signalized Geometrics

Comparison

Modern roundabouts differ significantly from old traffic rotaries, featuring
smaller diameters, deflection entries, and yield-at-entry priority rules.

Comparing geometric parameters helps civil engineers select between modern
roundabouts and signalized intersections.

o Yield-at-Entry Priority: Entering traffic must yield to circulating traffic,
eliminating weaving lock-ups

@ Entry Deflection Geometry: Curved entry path forcing entering vehicles to
decelerate to 20-30 km/h

o Inscribed Circle Diameter (ICD): Compact 25m to 45m diameter
compared to old rotaries (;60m)

@ Safety Comparison: Modern roundabouts reduce fatal collisions by 80%
compared to signalized junctions
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Computer-Aided Highway Geometric Design & CAD

Applications

Modern geometric design relies on specialized Civil Engineering CAD software
to generate 3D digital terrain models and horizontal /vertical alignments.

Software platforms automate sight distance checks, super-elevation transitions,
earthwork cut/fill quantities, and swept path simulations.

@ 3D Digital Terrain Models (DTM): Processing LiDAR and survey point
clouds into 3D elevation surfaces

@ Alignment Design Platforms: Civil 3D, Bentley OpenRoads, MX Road,
and MX TransYT

o Automated Sight Distance Audits: 3D ray-tracing algorithms detecting
visual obstructions along alignment curves

@ Building Information Modeling (BIM): Integrating structural, drainage,
and traffic geometric models into unified 3D models
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Summary of Advanced Traffic Geometrics

Advanced traffic geometrics encompasses interchange layouts, ramp terminals,
swept path analysis, non-motorized infrastructure, and digital CAD modeling.

Rigorous geometric engineering ensures high-speed freeway efficiency while
safeguarding urban streets and vulnerable road users.

o Interchanges (Diamond, Cloverleaf, Trumpet) eliminate crossing conflicts
at major highway junctions

@ Ramp terminals require flat merge tapers, lane balance, and clear gore
zone chevron markings

@ Swept path analysis and curve widening (W,) accommodate heavy truck
off-tracking without curb mounting

@ Modern roundabouts use entry deflection and yield-at-entry rules to
achieve superior safety performance
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Introduction to Road Safety and Traffic Crashes

A road accident, formally termed a road traffic crash, is defined as an
unintended collision involving at least one moving vehicle on a public roadway
that results in damage, injury, or fatality.

In developing nations like India, rapid motorization combined with mixed
traffic conditions has led to alarmingly high accident rates. Road crashes
result in substantial loss of human lives, severe long-term disabilities, and
massive economic loss, amounting to nearly 3% of India’'s GDP annually.

Unintended collision involving vehicles, pedestrians, or fixed objects
High burden of fatalities and injuries in developing countries
Economic loss estimated at 3% of national GDP

Civil engineer's role in creating forgiving road infrastructure

Slide Creator DI04006081: Traffic Engineering 405 /547



Classification of Road Accidents by Severity

Traffic engineering authorities classify road accidents into distinct categories
based on the severity of the outcome. This standardization ensures consistent
statistical reporting across jurisdictions.

Accidents are broadly classified into Fatal Accidents (resulting in death within
30 days of the event), Grievous/Major Injury Accidents (causing
hospitalization or permanent disability), Minor Injury Accidents (requiring first
aid without hospitalization), and Property Damage Only (PDO) Accidents
where no physical injuries occur.

Classification Description

Fatal Accidents | Death occurs immediately or within 30 days due
to crash injuries

Grievous Injury | Severe trauma, fractures, or long-term hospital-

ization

Minor Injury Superficial wounds requiring basic medical treat-
ment

PDO Non-injury  crashes  resulting in  vehi-

cle/infrastructure damage
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Types of Vehicular Collisions

Collisions are categorized according to the impact geometry between vehicles
or objects. The specific type of collision provides crucial clues regarding
underlying traffic flow problems and roadway defects.

Common collision types include Head-on Collisions (occurring on undivided
two-lane roads), Rear-end Collisions (caused by tailgating or sudden braking),
Side-swipe or Angle Collisions (common at intersections and lane merges),
Single-vehicle Rollovers, and Collisions with Pedestrians or Fixed Objects.

[ Types of Collisions ]

|
4 ] ] L

. Pedestrian/Fixed
{ Head-on I Rear-end I Right-Angle I Object }
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Human Factors in Accident Causation

Human error is contributing factor in over 80% to 90% of all road traffic
crashes. Drivers, riders, and pedestrians frequently display behaviors that
compromise safety.

Key human factors include overspeeding beyond safe geometry limits, driving
under the influence of alcohol or drugs, distracted driving (mobile phone
usage), driver fatigue/drowsiness, aggressive driving, and non-compliance with
traffic signals and seatbelt/helmet laws.

@ Overspeeding: Reduces reaction time and increases stopping distance
exponentially

o Distracted Driving: Cognitive and visual impairment from mobile phone

use

@ Driving Under Influence (DUI): Impaired reflexes and distorted distance
judgment

o Fatigue & Drowsiness: Common during long-distance night commercial
driving
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Vehicular Factors in Road Accidents

Mechanical defects and inadequate vehicle maintenance significantly increase
crash risk, especially under adverse weather or high-speed driving conditions.

Defects such as brake failure, sudden tire blowouts, defective headlights or
taillights, steering system malfunctions, and structural overload in commercial
freight vehicles are major vehicular contributors to road crashes.

@ Brake Failure: Inability to stop in emergency situations due to fluid/pad
wear

@ Tire Blowouts: Loss of vehicle control at high speeds from worn treads or
improper pressure

o Lighting Defects: Reduced night visibility and missing conspicuity
markings

@ Vehicle Overloading: Compromises braking distance, center of gravity,
and stability
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Roadway and Geometric Factors

Inadequate geometric design directly exposes road users to heightened
accident hazards. Roads must be engineered to match driver expectations and
physical vehicle limits.

Deficiencies such as inadequate sight distance at sharp horizontal curves,
improper superelevation, narrow lanes or unpaved shoulders, skidded or
slippery pavement surfaces, poor intersection alignment, and lack of clear lane
markings directly induce traffic crashes.

@ Sight Distance Deficiencies: Insufficient Stopping Sight Distance (SSD)
at crests/curves

@ Improper Superelevation: Vehicle skidding or rollover on sharp horizontal
curves

@ Slippery Pavement: Low skid resistance during wet weather conditions

@ Hazardous Roadside Objects: Trees, utility poles, and steep unshielded
embankments
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Environmental and Meteorological Factors

Environmental conditions alter pavement surface characteristics, driver
visibility, and vehicle handling, creating transient hazards on the roadway
network.

Adverse conditions include dense fog or mist causing extreme visibility
reduction, heavy rainfall leading to hydroplaning/aquaplaning, night-time
headlight glare from oncoming vehicles, and extreme ambient temperatures
affecting tire integrity.

@ Dense Fog/Smog: Drastically reduces visibility, causing multi-vehicle
pileups

@ Heavy Rain & Aquaplaning: Loss of tire-pavement friction due to water
film build-up

@ Headlight Glare: Temporary blindness experienced on un-lit undivided
roads

@ Wind Gusts: Stability loss for high-sided commercial vehicles on open
bridges
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Vulnerable Road Users (VRUs) and Mixed Traffic

S

Vulnerable Road Users—including pedestrians, bicyclists, and two-wheeler
riders—account for more than half of all road fatalities in India due to their
lack of protective structural shielding.

In Indian highway corridors, mixed traffic conditions (where slow-moving
animal carts, bicycles, high-speed buses, and heavy trucks share the same
carriageway) create extreme speed differentials, significantly heightening
conflict points and fatality rates.

@ High Vulnerability: VRUs lack physical protection during impact events

@ Heterogeneous Traffic: Severe speed differentials increase conflict
frequency

@ Inadequate Facilities: Absence of dedicated footpaths, cycle tracks, and
safe crossings

@ Urban Fringe Hazards: Uncontrolled ribbon development along national
highways
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Haddon’s Matrix for Accident Analysis

Haddon's Matrix is a multi-dimensional framework used by safety engineers to
systematically evaluate crash causes and interventions across three time

phases and three system factors.

The framework analyzes Human, Vehicular, and Environmental factors across
Pre-crash (prevention), Crash (injury reduction during impact), and Post-crash
(emergency response and rehabilitation) phases to identify all possible points
of intervention.

Phase Human Factor Vehicular Factor Environmental Factor
Pre-crash | Driver training, | Maintenance, brakes | Road design, signs
awareness
Crash Seatbelt/helmet use | Airbags, crash zones | Crash barriers, clear
zones
Post-crash | First aid knowledge | Extrication ease Emergency response
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Socio-Economic Consequences of Road Crashes

Road accidents inflict severe economic losses on families and society, often
pushing vulnerable households into poverty when the primary wage earner is
lost or permanently disabled.

Economic costs are classified into Direct Costs (medical treatment, vehicle
repair, property restoration, emergency service deployment) and Indirect Costs
(loss of productive output, legal expenses, administrative costs, and
socio-emotional suffering).

@ Direct Economic Costs: Emergency medical care, vehicle replacement,
infrastructure repairs
@ Indirect Economic Costs: Loss of workforce productivity, legal litigation

fees

@ Social Consequences: Household impoverishment and psychological
trauma

@ Cost-Benefit Justification: High economic return of safety engineering
projects
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Summary of Road Accidents

This lecture introduced the fundamentals of road accidents, highlighting their
classification, primary causative factors, and multi-faceted impacts.

Achieving a reduction in crash frequency and severity requires a thorough
understanding of human, vehicular, roadway, and environmental interactions.
Civil engineers play a pivotal role in designing safe, forgiving roadway
environments.

@ Road accidents are classified by severity into fatal, grievous, minor, and
PDO categories

@ Collision types reflect specific geometric or operational traffic deficiencies

@ Human factors cause majority of crashes, but roadway design dictates
crash outcomes

@ Haddon's Matrix provides a systematic 3x3 framework for analyzing crash
interventions

@ Understanding crash fundamentals prepares engineers for data collection
and safety audits
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Need and Objectives of Accident Data Collection

Accident investigation and recording serve multiple vital purposes across
engineering, law enforcement, legal proceedings, and policy formulation.

The primary engineering objectives include identifying high-accident locations
('black spots’), diagnosing specific roadway defects, evaluating the economic
effectiveness of safety improvements, establishing legal responsibility, and
supporting research into safer vehicle and road designs.

@ Black Spot Identification: Locating clusters of crashes on the road
network

@ Cause Diagnosis: Determining whether human, road, or vehicle factors
dominated

@ Countermeasure Evaluation: Testing before-and-after effectiveness of
engineering changes

@ Policy & Research: Guiding national safety standards and legislation
updates
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Accident Reporting Systems and Primary Documents

In India, the initial recording of a road crash begins at the local police station
via the First Information Report (FIR) under relevant sections of the Bharatiya
Nyaya Sanhita (BNS) and Motor Vehicles Act.

For traffic engineering analysis, police records are translated into standardized
accident reporting forms (such as Form A-1 for road crash data and Form A-4
for summary reports) recommended by the Indian Roads Congress (IRC:53).

Form A-1
(Detail)
FIR IRC:53
(Police) Guidelines

Form A-4
(Summary)
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Essential Data Elements Recorded in Crash Surveys

A comprehensive accident record must capture detailed information across
multiple categories to enable precise statistical analysis and spatial
reconstruction.

Key data elements include precise location (GPS coordinates, chainage
kilometer stone, landmark), time and date, prevailing weather and lighting
conditions, road classification, vehicle types involved, driver details (age,
license status), pedestrian movements, and collision diagrams.

Category Examples of Data Elements
Location Specifics Landmark, chainage, GPS, node ID
Temporal Factors Hour of day, day of week, season

Environmental Parameters | Surface moisture, lighting quality

Participant Data Age, gender, experience, seatbelt/helmet

Slide Creator DI04006081: Traffic Engineering 419 /547



Inter-Agency Coordination and Data Sources

Accident data collection requires seamless coordination among multiple public
agencies, each contributing specialized information to the master crash
registry.

Primary contributing agencies include the Police Department (crash reports),
Highway Authorities like NHAI/PWD (road inventory and traffic volume data),
Health Departments and Hospitals (injury severity and medical outcomes),
Motor Vehicle Inspectors (vehicle fitness), and Insurance companies.

Police PWD/NHAI
[ (Reports) ] L (Geometry) j

Master
Registry

Hospitals RTO
(Injuries) (Vehicles)
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Accident Rate Expressions: Volume-Based Rates

Comparing absolute crash counts between different road sections can be
misleading due to variations in traffic volume. Therefore, engineers calculate
exposure-adjusted accident rates.

For road sections, accident rates are expressed per Million Vehicle Kilometers
(MVkm) of travel. For specific spots or intersections, rates are calculated per
Million Entering Vehicles (MEV).

. . 6
@ Section Accident Rate formula: Reec = %

@ A = Total number of crashes in time period, T = Years
@ V = Average Daily Traffic (ADT), L = Length of section in km

. 6
@ Spot/Intersection Rate formula: Rspor = #&0%”
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Accident Rate Expressions: Population and Vehicle

Fleet Rates

To compare road safety performance across different cities, states, or nations,
demographic and vehicle-fleet exposure metrics are utilized.

Common macroscopic rate expressions include Fatalities per 100,000
Population (demographic risk), Fatalities per 10,000 Registered Vehicles

(vehicle fleet risk), and Crash Severity Index (ratio of fatal crashes to total
crashes).

o Population Rate: Total Fatalities 100 000 (Measures public health burden)

Population
@ Registered Vehicle Rate: % x 10,000 (Measures fleet safety
performance)
o Severity Index: TetalFatalities 5 100 (Measures crash outcome intensity)
@ Use of rates for national planning and international safety benchmarking
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Spot Map Method for Accident Mapping

The Spot Map method is a visual graphic technique used by traffic engineers
to pin-point crash locations on scaled physical base maps of a city or highway
corridor.

Color-coded pins or symbols are placed on map locations corresponding to
recorded crashes over a specific period (e.g., 1 to 3 years). Dense clusters of
pins immediately reveal high-risk locations requiring detailed engineering
investigation.

@ Visual Clustering: Immediate graphical identification of crash-prone
locations

@ Symbol Conventions: Red pins for fatalities, yellow for injuries, black for
PDO

@ Base Map Requirements: Scale maps showing alignment, intersections,
and milestones

@ Limitations: Physical map clutter, static maintenance difficulty, lack of
attribute search
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GIS-Based Accident Spatial Analysis

Geographic Information Systems (GIS) have revolutionized crash recording by
replacing manual spot maps with dynamic, spatially referenced digital
database systems.

GIS enables spatial density analysis (Kernel Density Estimation), automated
heatmap generation, buffer zone queries around schools/intersections, and
seamless overlay of crash data with road geometry, traffic volume, and
pavement condition layers.

o GPS Coordinates: Direct geo-referencing of crash locations using
smartphone sensors

o Kernel Density Estimation (KDE): Mathematical generation of
continuous crash risk heatmaps

@ Multi-Layer Overlay: Combining crash clusters with speed limits, lighting,
and curve radii

@ Spatial Querying: Extracting crash trends within specific corridor buffers
or zones
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Modern Digital Data Collection Systems: iRAD

In India, the Integrated Road Accident Database (iRAD) project, developed by
IIT Madras and NIC under MoRTH, represents a state-of-the-art digital
framework for crash reporting.

Using a mobile application, responding police officers capture crash details
on-site with auto-filled GPS location, photographs, and time stamps. The
data instantly syncs across Police, PWD, Health, and RTO departments.

@ iRAD Mobile Application: Real-time on-site crash data entry by field
police

@ Automated Capture: Precise GPS location, photo evidence, and
timestamp integration

@ Unified Stakeholder Dashboard: Instant access for highway engineers,
doctors, and RTOs

o Al & Analytics Integration: Automated black spot detection and
predictive safety modeling
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Challenges in Accident Data Collection and Quality

Control

Despite technological advancements, maintaining high data quality and
completeness in crash registries remains a persistent challenge in developing
highway networks.

Major issues include significant under-reporting of minor and PDO crashes,
inaccurate location description by non-technical staff, delay in data entry,
inconsistent terminology between states, and lack of medical follow-up for
late-stage hospital fatalities.

@ Under-Reporting: Minor crashes and rural incidents often unrecorded by
police

@ Location Errors: Approximated kilometer stones leading to spatial
misallocation

@ Skill Gaps: Need for training police personnel in technical crash data
recording

@ Data Incompleteness: Missing vehicle fitness or driver license details in
final reports
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Summary of Accident Recording and Analysis

This lecture covered the systems, forms, rate calculations, and mapping
techniques essential for systematic accident recording and traffic safety
engineering.

Accurate data collection through standardized forms (IRC:53) and digital
platforms (iRAD), combined with exposure-adjusted rate calculations and GIS
mapping, provides the diagnostic foundation for highway safety interventions.

@ Accident data collection bridges law enforcement, civil engineering, and
medical care

o Standardized IRC forms and digital apps (iRAD) streamline field data
capture

@ Volume-adjusted rates (MVkm, MEV) enable objective comparison across
road corridors

@ Spot maps and GIS heatmaps visualize spatial crash clusters for targeted
engineering

@ High-quality crash data is indispensable for identifying black spots and
evaluating countermeasures
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5.3 Road Safety Measures




The '4 Es’ Framework of Road Safety

The '4 Es' model provides a universally accepted structural framework for
developing holistic traffic safety management programs at national, state, and
local levels.

The four pillars are: 1. Engineering (designing safe road infrastructure and
vehicles), 2. Enforcement (mandating compliance with traffic rules through
police and tech), 3. Education (training drivers and raising public awareness),
and 4. Emergency Care (providing rapid post-crash trauma care).

1. Engineering
(Safe Roads)

2. Enforcement
(Compliance)

4. Emergency
(Trauma Care)

3. Education
(Awareness)
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Engineering Measures: Geometric Impro

Civil engineers directly enhance safety by modifying roadway geometric
features to eliminate physical hazards, improve sight lines, and reduce driver
workload.

Key geometric interventions include widening lanes and paved shoulders,
easing sharp horizontal curves, providing proper superelevation, increasing
Stopping Sight Distance (SSD), installing medians on two-way roads, and
re-engineering high-risk grade intersections into roundabouts or
grade-separated interchanges.

@ Curve Realignment: Increasing radius and adding transitions to prevent
run-off-road crashes

@ Paved Shoulders: Providing recovery zones for errant vehicles and
breakdown space

@ Median Separation: Installing physical central dividers to eliminate
head-on collisions

@ Intersection Redesign: Replacing hazardous 4-way intersections with
modern roundabouts
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Engineering Measures: Safety Devices and Traffic

Calming

Roadside safety devices and traffic calming measures are engineered features
designed to protect vehicle occupants and slow down traffic in high-pedestrian
zones.

Key devices include crash barriers (W-beam steel guardrails, concrete New
Jersey barriers), rumble strips (transverse tactile alerts before curves/tolls),
retro-reflective hazard markers, crash attenuators (impact cushions), raised
pedestrian crosswalks, speed humps, and speed cushions.

o W-Beam Guardrails: Absorbing kinetic energy and redirecting errant
vehicles safely

@ Rumble Strips: Generating audible and tactile vibration to alert drowsy
drivers

@ Crash Attenuators: Protecting vehicles from colliding with rigid structure
piers/gantries

o Traffic Calming: Speed humps, chicanes, and raised tables in
residential /school zones
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Black Spot ldentification and Remediation

A Black Spot (or hazardous location) is a specific road stretch (typically
500m) or intersection where an abnormally high frequency or severity of
crashes occurs over a 3-year observation window.

MoRTH defines a black spot as a stretch of 500m where either 5 fatal crashes
or 10 total fatal/grievous crashes have occurred in the last 3 years.
Remediation involves site diagnostic surveys, collision analysis, and targeted
low-cost or high-cost engineering corrections.

Category Details

Criteria 5 fatalities OR 10 severe crashes over 500m in 3
years

Diagnostic Field inspections to identify geometric/operational
flaws

Low-Cost Fixes High-visibility signs, solar blinkers, rumble strips

High-Cost Fixes Grade separators, bypasses, road realignment
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Road Safety Audit (RSA)

A Road Safety Audit (RSA) is a formal, systematic, and independent safety
evaluation of a new highway project or existing road, conducted by a qualified
team of independent safety experts.

RSA aims to identify potential safety hazards during the planning and design
stages before roads are constructed and opened to traffic, thereby preventing
built-in geometric flaws.

@ Proactive Tool: Prevents crashes by catching design errors before
construction

@ Independence Requirement: Performed by auditors independent of the
design team

@ RSA Stages: Feasibility, Preliminary Design, Detailed Design,
Pre-Opening, Existing Road

@ IRC Guidelines: IRC:SP:88 provides detailed checklists for safety auditing
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Enforcement Measures: Traffic Regulations and

Policing

Enforcement measures rely on police vigilance and legal penalties to ensure
road user compliance with safety laws established under the Motor Vehicles
Act.

Key enforcement focuses include speed limit enforcement using radar speed
guns, curbing drunk driving via breathalyzers, enforcing mandatory helmet and
seatbelt compliance, preventing mobile phone usage while driving, and
penalizing overloading of commercial vehicles.

@ Speed Enforcement: Deployment of hand-held radar guns and interceptor
vehicles

@ Sobriety Checks: Random breathalyzer testing at high-risk night corridors

o Safety Gear Mandates: Strict penalties for unhelmeted riding and
unbelted driving

@ Overload Checking: Weigh-in-motion (WIM) bridges at toll plazas to curb
vehicle overloading
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Automated Enforcement Systems

Modern smart cities and high-speed expressways increasingly rely on

automated Intelligent Transportation Systems (ITS) for continuous traffic law
enforcement without human bias.

Technologies include Automatic Number Plate Recognition (ANPR) camera
networks, Red Light Violation Detection (RLVD) systems, section-speed

monitoring cameras (average speed enforcement), and automated e-challan
ticketing platforms.

System Function
ANPR Reads license plates instantly to issue automated citations
RLVD Captures vehicles crossing stop lines on red signals

Section-Speed | Calculates travel time to detect average speeding

E-Challan Digital ticketing linked to vehicle registry
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Educational Measures and Public Awareness

Educational safety measures aim to cultivate a safety-conscious road culture
by imparting knowledge, altering risky behaviors, and instilling discipline in all
road user groups.

Initiatives include rigorous driver training and standardized licensing
examinations, road safety awareness weeks, integrating traffic safety curricula
into school education, public campaigns against drink-driving, and defensive
driving workshops for commercial operators.

@ Driver Licensing Reform: Standardized driving skill tests and
simulator-based testing

@ School Curricula: Teaching basic traffic signs, pedestrian safety, and
bicycle safety early

@ Public Awareness Campaigns: Media drives targeting helmet use,
seatbelts, and speed limits

@ Commercial Driver Training: Mandatory refresher courses for hazardous
material and bus drivers
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Emergency Medical Services and the 'Golden Hour'’

Emergency Medical Care focuses on post-crash survivability. The 'Golden
Hour' refers to the first 60 minutes following a traumatic injury, during which
prompt medical intervention offers the highest probability of saving lives.

Key emergency components include GPS-tracked highway ambulances (108
emergency service), strategically located Level-1 trauma centers, highway
helipads, training bystanders in basic life support, and legal protections under
the Good Samaritan Act.

@ Golden Hour Concept: Critical 60-minute window for medical trauma
intervention

e Highway Ambulances: Well-equipped Advanced Life Support (ALS)
ambulances stationed on toll plazas

@ Trauma Center Networks: Establishing emergency care hospitals along
major corridors

@ Good Samaritan Protection: Legal safeguards shielding helpful bystanders
from police harassment
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Policy Framework and Motor Vehicles Amendment

Act

Institutional policies and legislative frameworks provide the legal backing and
financial backing required to implement multi-sectoral road safety initiatives.

The Motor Vehicles (Amendment) Act 2019 introduced enhanced penalties for
traffic violations, established the National Road Safety Board, mandated recall
of defective vehicles, and formalized driver training and automated testing
station rules.

@ MV Act 2019 Amendments: Strict penalty escalation for dangerous
driving and offenses by juveniles

o National Road Safety Board: Advisory body on safety standards and
traffic management

@ Mandatory Vehicle Recalls: Legal provisions compelling manufacturers to
recall defective parts

@ Road Safety Fund: Earmarking traffic fine revenues for safety engineering
projects
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Summary of Road Safety Measures

This lecture detailed the '4 Es' of road safety: Engineering, Enforcement,
Education, and Emergency Medical Care.

Combining proactive engineering measures (such as Road Safety Audits and
black spot remediation) with automated enforcement, public safety education,
and rapid Golden Hour medical response creates a resilient highway safety
ecosystem.

@ The 4 Es framework requires synchronized action across multiple
disciplines

@ Engineering interventions eliminate physical hazards through geometry,
barriers, and audits

o Black Spot remediation targets high-crash stretches for immediate
engineering fixes

o Automated enforcement (ANPR, RLVD) ensures unbiased compliance
with traffic rules

@ Golden Hour emergency care and Good Samaritan laws maximize
post-crash survival rates
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Need and Objectives of Highway Street Lighting

Although traffic volumes are typically lower at night, night-time fatality rates
per vehicle kilometer are significantly higher due to restricted visibility and
glare.

The primary objectives of street lighting include providing adequate visual
distance for drivers at operating speeds, revealing obstacles/pedestrians
clearly, outlining road alignment and geometric hazards, reducing night-time
crash frequency, and enhancing personal security in urban corridors.

@ Night Crash Reduction: Studies show proper lighting reduces night
crashes by 30% to 40%

@ Obstacle Detection: Ensuring drivers perceive hazards beyond vehicle
headlight range

@ Delineation of Geometry: Highlighting curves, intersections, and lane
drops

o Pedestrian & Urban Security: Discouraging crime and improving
pedestrian confidence
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Fundamental Ph

etric Definitions and Units

Understanding lighting design requires familiarity with core photometric
quantities used to measure light energy, illumination density, and road surface

brightness.

Key metrics include Luminous Flux (measured in lumens, the total light
emitted by a source), llluminance (E, measured in lux, light falling per unit

surface area), Luminance (L, measured in cd/m?, brightness reflected into the
driver's eye), and Luminous Efficacy (lumens/watt).

Quantity Unit Description

Luminous Flux Lumen (/m) | Total light emitted by a lamp fixture
llluminance (E) Lux (Ix) Flux density on road surface (1/x = 1/m/m?)
Luminance (L) cd/m? Surface brightness perceived by the eye
Luminous Efficacy | Im/W Ratio of light output to power consumed
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Visual Principles: Seeing by Silhouette vs Contrast

At night, a driver perceives objects on the roadway primarily through
brightness contrast between the object and its background background
pavement surface.

Two main visual mechanisms are used: Seeing by Silhouette (where the object
appears darker than the bright pavement background behind it) and Seeing by
Reverse Silhouette / Surface Detail (where the object is directly illuminated to
appear brighter than the dark background).

o Silhouette Seeing: Road surface is made bright so dark objects stand out
in stark contrast

@ Reverse Silhouette: High direct light renders object bright against dark
background

@ Design Standard: Highway lighting primarily relies on Silhouette Seeing
for economic efficiency

o Contrast Sensitivity: Ability of human eye to detect small luminance
differences under low light
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Glare: Types and Control Techniques

Glare is an objectionable visual condition caused by high brightness contrasts
or improperly shielded light sources, reducing visual performance or causing
visual discomfort.

Glare is divided into Disability Glare (which physically reduces visual contrast
and seeing distance) and Discomfort Glare (which causes visual annoyance and
eye fatigue). Control is achieved through proper luminaire cutoff angles and
mounting heights.

o Disability Glare: Stray light scattered in the eye, reducing object visibility
instantly

@ Discomfort Glare: Produces eye fatigue and discomfort without
necessarily obscuring vision

@ Cutoff Luminaires: Shielding light rays emitted above 80° from vertical
downward axis

@ Mounting Height Influence: Higher mounting heights remove fixtures
further from driver line of sight
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Factors Influencing Street Lighting Design

Designing an effective street lighting system involves balancing traffic
operational requirements, road geometry, and economic efficiency.

Key factors include Road Classification (expressway, arterial, collector, local),
Traffic Volume and Operating Speed, Pavement Surface Reflectivity (dry vs

wet asphalt/concrete), Carriageway Width, surrounding land use brightness,

and presence of pedestrian crossings.

@ Road Category: Higher class roads (arterials) require higher average
luminance (1.5 — 2.0cd/ m?)

@ Pavement Reflectivity: Dark asphalt requires higher illuminance than
light-colored concrete

o Traffic Speed: Higher speeds demand longer visual sight distances and
glare control

@ Environmental Context: Commercial city centers require higher light
levels than rural highways
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Types of Street Lamps and Luminaires

The selection of light source directly impacts system energy consumption,
color rendering, lifecycle cost, and maintenance schedules.

Historical High-Pressure Sodium Vapor (HPSV) and Metal Halide lamps have
been largely replaced by Solid-State LED (Light Emitting Diode) technology,
which offers superior energy efficiency (;130 Im/W), long lifespan (50,000
hours), dynamic dimming capability, and excellent color rendering.

@ High-Pressure Sodium Vapor (HPSV): Yellowish light, high efficacy, poor
Color Rendering Index (CRI)

o Metal Halide (MH): White light, good CRI, moderate lifespan and energy
efficiency

@ LED Luminaires: High energy efficiency, directional light control, long
life, white light

@ Optical Distribution: Asymmetric beam spreads tailored to wide
carriageways
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Luminaire Arrangement Patterns

Luminaires are installed along the roadway in specific geometric layouts
determined by carriageway width (W) relative to mounting height (H).

Standard arrangements include Single-Side Arrangement (for narrow roads,
W < H), Staggered Arrangement (for medium roads, H < W < 1.5H),
Opposite Arrangement (for wide roads, W > 1.5H), and Central Median
Arrangement (for dual carriageways with median dividers).

_— —_—————
Single-Side Staggered
_
--0---0---@-
_
Opposite

Central Median
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Geometric Parameters: Spacing, Height, and

Overhang

The placement geometry of lighting poles determines the uniformity of
illuminance and prevents dangerous 'zebra-striping’ dark patches on the
pavement.

Key parameters include Mounting Height (H, typically 8m — 12m), Spacing
between poles (S, typically 3H — 5H), Overhang (O, distance luminaire
extends from pole toward carriageway), and Pole Setback from curb edge
(minimum 0.6m — 1.5m for roadside safety).

Overhang (O)
—

Carriageway
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Uniformity Ratios and Quality Requirements

Average light intensity alone is insufficient; light must be distributed uniformly
across the entire road surface to ensure eye comfort and continuous object
detection.

Quality standards dictate the Overall Uniformity Ratio
(Uo = Lpin/Lavg > 0.40) and Longitudinal Uniformity Ratio
(Ui = Lmin/Lmax > 0.60 along the lane center line).

@ Overall Uniformity (Up): Minimum luminance divided by average
luminance (Lmin/Lavg)

@ Longitudinal Uniformity (U;): Minimum divided by maximum luminance
along lane center

@ Preventing Patchiness: Eliminating dark spots where pedestrians or debris
could be hidden

o Wet Surface Performance: Maintaining uniform reflectivity during rainy
conditions
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Lighting at Special Road Locations

Complex highway features demand specialized lighting designs to guide drivers
through sudden geometric transitions and conflict areas.

Special locations include Intersections and Rotaries (requiring 50% higher
illuminance than approach roads), Pedestrian Crossings, High-Mast Lighting
at complex interchange loops (20 — 30m poles with ring arrays), Toll Plazas,
and Tunnel Portals (requiring daytime adaptation lighting).

@ Intersections & Conflict Points: Increased lux levels to highlight turning
maneuvers

@ High-Mast Lighting: Ring arrays mounted on 30m masts for spacious
interchanges

@ Pedestrian Crossings: Positive contrast lighting to illuminate pedestrians
clearly

@ Tunnel Entrances: High daytime illumination at portals to prevent 'black
hole’ effect
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Summary of Street Lighting

This lecture detailed the principles, photometrics, luminaire technology, and
geometric layouts of highway street lighting.

Designing safe street lighting requires selecting proper luminaire types (LEDs),
establishing appropriate mounting height and spacing ratios (S/H =3 —5),
ensuring high uniformity ratios (Up > 0.40), and shielding against glare.

@ Street lighting dramatically reduces night-time crash frequency and
enhances security

o Silhouette seeing is the primary visual mechanism for highway pavement
illumination

o Cutoff LED luminaires provide high energy efficacy with minimal glare
scatter

@ Arrangement patterns (single, staggered, opposite, median) depend on
carriageway width

@ Uniformity ratios (Up, U)) ensure smooth continuous visibility without
dark patches
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Lecture 5.38

5.5 Arboriculture
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Arboriculture along highway rights-of-way involves the strategic planned
cultivation of trees, shrubs, and groundcover plants tailored to the
transportation environment.

Primary objectives include screening headlight glare on dual carriageways,
delineating road alignment around horizontal curves, controlling wind erosion
on embankments, dampening traffic noise in residential zones, absorbing
tailpipe pollutants, and providing shade at rest areas.

@ Functional Landscaping: Using vegetation for glare barrier and alignment
guidance

o Environmental Protection: Preventing soil erosion and filtering vehicle
emissions

@ Aesthetic Improvement: Blending highway infrastructure with natural
rural/urban landscapes

@ Noise Mitigation: Dense green belts reducing sound transmission to
nearby communities
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Environmental Benefits: Emission and Air Quality

Control

Vehicular exhaust releases harmful pollutants, including Particulate Matter

(PM,.5, PMyg), Carbon Monoxide (CO), Nitrogen Oxides (NOy), and Unburnt
Hydrocarbons (HC).

Roadside green belts act as bio-filters. Plant foliage captures airborne dust
particles on leaf surfaces and absorbs gaseous pollutants, while dense tree
canopies sequester CO, to offset the highway's carbon footprint.

@ Particulate Trapping: Rough, hairy leaf surfaces filtering particulate dust
(PMa 5, PMyo)

@ Gaseous Absorption: Stomatal intake of NO,, SO,, and ground-level
ozone

o Carbon Sequestration: Long-term biomass storage of carbon dioxide

@ Microclimate Cooling: Transpiration cooling reducing urban heat island
effects along black asphalt
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Noise Attenuation and Buffer Belts

High-speed highway traffic generates substantial tire-pavement noise and
engine roar, often exceeding permissible acoustic decibel limits for residential
zones (55dB(A)).

Strategically designed green belts consisting of multi-layered trees and
evergreen dense shrubs can reduce traffic noise levels by 5 to 10 decibels (dB)
through sound absorption, scattering, and refraction.

@ Noise Reduction Mechanism: Leaves and branches absorb high-frequency
tire sound waves

@ Multi-Tier Design: Low shrubs at border, medium fruit trees, and tall
canopy trees behind

o Buffer Belt Width: Minimum 10m — 15m wide dense vegetation strip for
effective sound dampening

@ Psychological Benefit: Visual obstruction of traffic reduces perceived
noise annoyance
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Median Landscaping for Headlight Glare Reduction

On dual carriageway highways, opposing high-beam headlights cause severe
glare, temporarily blinding drivers traveling in opposite directions during night
driving.

Planting dense, evergreen shrubs along the central median forms a continuous
natural glare screen. Plants are maintained at a height of 1.2m to 1.5m above
the pavement to block headlight rays while keeping sight lines clear across
curves.

)

are Blocke

o Glare Screen Function: Blocking high-beam light paths from opposing
lanes
@ Evergreen Species Requirement: Retaining foliage year-round
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Zonal Layout of Roadside Plantation

Highway rights-of-way (ROW) are divided into specific plantation zones to
ensure trees do not interfere with overhead utilities, sight triangles, or
structural shoulders.

The standard 3-tier layout consists of: 1. Median Zone (low shrubs up to
1.5m), 2. Inner Shoulder/Slope Zone (ground cover and grass for erosion
control), and 3. Boundary Fence Zone (tall shade trees planted at least 6m to
9m away from the pavement edge).

Zone 3: Zone 3:
Sh €es 6-9m Clea?

Zone 2: . Il'Sm max
Slop: - - lopes
/| Carriageway | Median | Carriageway

Zone 2:
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Selection Criteria for Roadside Tree Species

Not all tree species are suitable for highway environments. Selecting
inappropriate trees can create severe maintenance hazards and crash risks.

Criterion Reason E ples/Notes

Deep Taproots Prevents lateral roots from cracking asphalt pavement Avoid Ficus/Banyan near road
Non-Brittle Timber Prevents branch snapping during monsoons & high winds | Neem, Arjun

Non-Edible Fruit Avoids attracting cattle/monkeys onto lanes Avoid Mango/Jamun
Evergreen Foliage Retains leaves year-round, less sweeping required Jacaranda

Drought/Exhaust Tolerance | Can survive harsh highway microclimate Bougainvillea

Ideal Indian species include: Neem (Azadirachta indica), Jacaranda, Gulmohar,
Amaltas, and Arjun.
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Roadside Trees as Hazards and Forgiving Road

Concepts

Large, rigid trees located close to the edge of high-speed travel lanes represent
fatal fixed-object hazards for errant vehicles that leave the carriageway.

To satisfy 'Forgiving Road’ concepts, highways mandate a Clear Zone
(typically 6m — 9m wide free of unshielded rigid objects). If mature trees exist
within the clear zone, W-beam crash barriers must be installed to shield
vehicles from direct impact.

@ Clear Zone Principle: Unobstructed recovery area provided adjacent to
travel lanes

o Fixed-Object Hazard: Rigid trees with diameter > 100mm can cause fatal
impacts

@ Shielding Mandate: Installing guardrails around existing legacy trees
within clear zone

@ Frangible Landscaping: Utilizing small-calibrated shrubs instead of heavy
timber near lanes
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Landscaping at Curves and Intersection

Vegetation placement at horizontal curves and grade intersections must be
meticulously controlled to prevent obstructing vital driver sight triangles.

On the inside of horizontal curves, tall trees and dense shrubs must be kept
clear within the sight line sight distance envelope. Conversely, planting trees
along the outside perimeter of a curve provides excellent visual alignment
delineation.

@ Sight Triangle Protection: Keeping intersection sight corners completely
clear of foliage above 0.6m

@ Inside of Curves: Clearing tall vegetation to ensure full Stopping Sight
Distance (SSD)

@ Outside of Curves: Planting trees to visually outline curve geometry for
night driving

o Vertical Clearance: Trimming lower tree branches up to 5.5m over travel
lanes
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Maintenance and Management of Highway Trees

Highway arboriculture requires continuous post-plantation maintenance to
preserve traffic safety standards and ensure high plant survival rates.

Key maintenance operations include regular pruning of lower branches to
maintain 5.5m vertical clearance over carriageways, trimming overgrown
median shrubs, watering during early growth phases, clearing dead/diseased
trees, and root pruning near drainage structures.

@ Vertical Trimming: Maintaining 5.5m clear headroom for double-deck
commercial trucks

@ Median Pruning: Trimming median hedges to maintain 1.2m — 1.5m glare
height

o Sight Distance Clearing: Quarterly trimming of foliage obscuring traffic
signs and signals

@ Tree Inventory Systems: Tagging roadside trees with GIS IDs for safety
tracking

Slide Creator DI04006081: Traffic Engineering



Environmental Impact Assessment (EIA) and

Compensatory Afforestation

Highway widening projects often require felling legacy roadside trees, requiring
mandatory Environmental Impact Assessment (EIA) clearance and forest
department approvals.

Under national environmental regulations, Compensatory Afforestation
mandates planting new trees at a 1:3 or 1:5 ratio for every tree felled (i.e.,
planting 3 to 5 saplings per felled tree) along project corridors or designated
forest land.

@ EIA Requirement: Mandatory environmental clearance for major highway
expansion projects

@ Tree Felling Approvals: Permissions required under Forest Conservation
Act

@ Compensatory Ratio: Planting 3 to 5 new saplings for every 1 mature
tree removed

@ 5-Year Maintenance Contract: Ensuring survival rates > 80% for
compensatory plantations
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Summary of Arboriculture

This lecture covered the principles, environmental benefits, median glare
control, species selection, and safety clear-zone requirements of highway
arboriculture.

Properly engineered roadside arboriculture balances environmental
sustainability (carbon capture, noise reduction, soil binding) with roadside
safety (glare screening, clear zones, sight triangle protection).

@ Arboriculture transforms roadside vegetation into functional engineering
safety assets

@ Median shrub planting (1.2 — 1.5m) eliminates oncoming high-beam
headlight glare

@ Species selection prioritizes deep taproots, non-brittle wood, and
non-edible fruit

o Clear Zones (6 — 9m) protect errant vehicles from colliding with rigid tree
trunks

o Compensatory afforestation (1:3 to 1:5 ratio) mitigates tree felling during
highway widening
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Lecture 5.39

5.1 Road Accidents




Physics of Vehicle Collisions

Vehicle crashes obey classic Newtonian mechanics. The severity of a collision
is governed by the rapid dissipation of kinetic energy (Ex = %mvz) during
impact.

Because kinetic energy increases with the square of velocity, doubling vehicle
speed quadruples the impact energy that must be absorbed by vehicle crumple
zones and human bodies during a crash.

@ Kinetic Energy Formula: Ex = %mv2; velocity has a quadratic impact on
crash energy

@ Law of Conservation of Linear Momentum: myu; + mous = myvy + movo

o Work-Energy Theorem: Work done by braking friction equals loss in
kinetic energy (F - S = AE)

@ Deceleration Forces: Rapid deceleration (g-forces) experienced by
occupants during impact
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Vehicle Skid Marks and Drag Factor

When a driver applies emergency braking, locked tires slide along the
pavement, generating intense friction that melts rubber and deposits dark tire
skid marks on the road surface. Skid marks provide undeniable physical
evidence of the braking distance. The drag factor (f) represents the average
coefficient of friction between sliding tires and pavement.

Surface Type Dry Condition () | Wet Condition (f)
Asphalt (Bituminous) 0.6—-0.38 03-05
Concrete (Portland) 0.7-09 05-0.7
Gravel / Dirt 0.4-0.6 04-05

e Types of Marks: Skid marks (locked braking), Scuff marks
(yaw/cornering), Yaw marks

o Measuring Skid Length (S): Averaging measured skid marks across all
four wheels
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Mathematical Derivation of Pre-Impact Speed

Using the Work-Energy principle, traffic engineers calculate the minimum
initial speed (V) of a vehicle prior to emergency braking based on skid mark
length.

Equating kinetic energy loss to friction work (F-S=f-W .S = %mv2) yields

the fundamental metric formula: V = /254 - f - S, where V is speed in km/h,
f is drag factor, and S is skid length in meters.

@ Derivation: %va =mgfS = v =,/2gfS

@ Metric Highway Formula: V = /254 - f - S (Speed V in km/h, distance
S in meters)

o Grade Adjustment: V = /254 (f £ n) - S, where n is percent
grade/slope

@ Minimum Speed Concept: Calculated speed is the minimum speed
because residual impact energy is excluded
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Human Factors: PIEV Theory of Reaction Time

Driver Perception-Reaction Time (PRT) is the total time elapsed between the
appearance of an unexpected hazard and the physical application of brakes.

The PIEV theory divides total reaction time into four consecutive
psychological phases:

Perception Intellection Emotion Volition
(Sensory) (Processing) (Evaluation) (Action)

Perception: Driver's eye visually registers hazard on carriageway
Intellection: Brain recognizes and processes nature of hazard

Emotion: Emotional response (fear, judgment) determining course of
action

Volition: Brain sends motor signal to foot to apply brake pedal

IRC Standard: Total PIEV time taken as 2.5 seconds for Stopping Sight
Distance design
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Pedestrian Crash Kinematics and Trajectories

Pedestrian-vehicle impacts exhibit distinct physical collision trajectories
depending on vehicle front-end geometry (bumper height, hood slope) and
impact velocity.

Key pedestrian kinematics trajectories include Wrap Trajectory (pedestrian
strikes bumper, wraps onto hood/windshield), Forward Projection (pedestrian
struck by flat bus/truck front and thrown forward), Roof Vault, and Fender
Vault.

@ Wrap Trajectory: Common with sedan cars; lower legs struck first, head
impacts windshield

o Forward Projection: Common with high-bumper commercial vehicles;
victim pushed and run over

@ Throw Distance Formulas: Empirical relations linking pedestrian throw
distance to impact speed

@ Injury Mechanisms: Secondary impact with pavement often causes severe
head trauma
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Commercial Heavy Vehicle Crash Dynamics

Commercial trucks and multi-axle trailers present unique stability hazards due
to high center of gravity, heavy gross mass, and long stopping distances.

Key crash phenomena include Rollover (instability on sharp horizontal curves
due to high center of gravity), Jack-knifing (trailer skidding laterally relative to
tractor during hard braking), and Underride Crashes (passenger cars sliding
underneath elevated truck rear/sides).

@ High Center of Gravity: Increases rollover susceptibility on un-banked
horizontal curves

@ Jack-Knifing: Loss of directional control causing trailer to swing out at
right angles

@ Rear/Side Underride Protection: Mandatory RUP/SUP steel bumpers
preventing car wedging

@ Braking Distance Disparity: Fully loaded trucks require 40% longer
stopping distance than cars
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Two-Wheeler and Motorized Cycle Collision

Mechanics

Motorcycles and scooters exhibit high instability and zero occupant structural
enclosure, making two-wheeler riders exceptionally vulnerable during impact
events.

Collision dynamics involve rapid rider ejection, side sliding (capsizing), and
direct impact with fixed roadside obstacles. Proper helmet usage absorbs
impact energy, reducing fatal head trauma by over 40%.

o Capsizing / Side Sliding: Rider laying bike down to avoid direct broadside
impact

@ Rider Ejection: Kinetic launch of rider over handlebars during sudden
front-wheel stop

@ Helmet Mechanics: Outer shell dissipates point impact; inner EPS foam
absorbs deceleration force

@ Lane Filtering Risks: Collisions occurring when motorcycles weave
between slow-moving trucks
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Statistical Modeling of Crash Frequencies

Because road crashes are random, discrete, and relatively rare events, traffic
engineers utilize advanced statistical distributions to model crash frequencies
across road networks.

Standard statistical models include the Poisson Distribution (assuming crash
mean equals variance) and Negative Binomial Regression models (accounting
for over-dispersion in real-world crash data across diverse highway corridors).

Discrete Event Modeling: Treating crashes as non-negative integer counts
Poisson Model: P(Y =y) = ef;f‘y; basic crash frequency model
Negative Binomial (NB) Model: Preferred model handling over-dispersed
crash data (Var > Mean)

Empirical Bayes (EB) Method: Combining historical site crash counts

with safety performance functions
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Modern Crash Reconstruction Technologies

Accident reconstruction has evolved from manual tape-measure surveys to
digital forensic techniques that capture highly accurate spatial crash evidence.

Advanced tools include 3D Terrestrial Laser Scanners (LiDAR mapping of
crash scenes), Event Data Recorders (EDR / vehicle 'black boxes’ recording
pre-crash speed, throttle, and brake inputs), and specialized crash simulation
software (PC-Crash, HVE).

@ 3D Laser Scanning: Capturing millions of spatial point clouds to
reconstruct crash scenes digitally

o Event Data Recorder (EDR): Extracting vehicle sensor data (speed,
steering angle, ABS trigger)

@ Drone Photogrammetry: Rapid aerial mapping of crash debris fields to
clear traffic quickly

o Computer Simulation: Physics-based trajectory modeling using software
like PC-Crash
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Case Study: Speed Estimation from Skid Marks

To solidify concepts, consider a real-world engineering problem: A vehicle

involved in a collision left four locked-wheel skid marks averaging 28.5 m on a
level asphalt road.

Given a measured pavement drag factor f = 0.70, calculate the minimum
vehicle speed prior to braking. Using

V =254 f-5 = /254 x 0.70 x 28.5 = 1/5067.3 ~ 71.18 km/h.

_______

S=285m, f=070

o Engineering Interpretation: The vehicle was traveling at a minimum
speed of 71.2 km/h before braking.
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Summary of Advanced Road Acciden amics

This lecture examined collision physics, mathematical speed estimation from
skid marks, PIEV reaction time theory, pedestrian/heavy vehicle kinematics,
and forensic reconstruction tools.

Mastering collision mechanics enables traffic engineers to scientifically
reconstruct crashes, verify witness statements, estimate pre-impact speeds,
and design safer roadway infrastructure.

@ Kinetic energy quadruples as speed doubles, dramatically inflating crash
severity

@ Pre-impact speed is estimated using the skid formula V = /254 -f - S

@ PIEV theory accounts for the 2.5-second perception-reaction time in
Stopping Sight Distance

@ Pedestrian, two-wheeler, and commercial truck crashes follow distinct
physical trajectories

@ 3D laser scanning, EDRs, and computer simulation represent modern
reconstruction tools
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Lecture 5.40

5.2 Accident Recording and Analysis
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Overview of Graphical Diagnostic Tools

Statistical crash tables alone cannot reveal how road geometry and traffic
operations interact to produce crashes at a specific location.

Traffic engineers rely on two complementary graphic tools: 1. Condition
Diagrams (which illustrate the physical geometry, environmental features, and
traffic controls of a site) and 2. Collision Diagrams (which plot individual
crash events using standardized directional symbols).

@ Condition Diagram: Scale drawing of physical roadway layout, obstacles,
and control devices

@ Collision Diagram: Schematic drawing showing direction, type, and
severity of all crashes

@ Combined Diagnostic Utility: Correlating physical features with repeating
crash patterns

@ Time Horizon: Typically compiled using 1 to 3 years of recorded crash
data
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Condition Diagrams: Purpose and Key Features

A Condition Diagram is a scaled engineering drawing showing all physical and
environmental conditions present at a high-accident location or intersection.

Key elements mapped include lane widths, pavement markings, curb radii,
gradient, traffic signs and signals, street lighting poles, vision obstructions
(buildings, hedges, billboards), surface conditions, and roadside hazards.

@ Physical Geometry: Carriageway width, medians, shoulders, curb lines,
and radii

o Traffic Control Devices: Signal pole locations, stop lines,
regulatory/warning signs

@ Sight Obstructions: Walls, trees, parked vehicles, or structures blocking
sight lines

@ Pavement & Environment: Surface texture, drainage slopes, lighting
installations
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Collision Diagrams: Purpose and Symbol Co

A Collision Diagram is a schematic drawing (not necessarily drawn to scale)
that illustrates the path, direction, collision type, and severity of every
accident recorded at a site over a specified period.

Standardized symbols and directional arrows depict vehicle movements prior to
impact. Solid arrows show vehicle paths, dashed lines show pedestrian paths,
cross-marks denote point of impact, and specific symbols indicate fatal, injury,
or PDO outcomes.

Element Description

Vehicle Movement Arrows | Indicating approach direction and path prior to
collision

Impact Symbols Distinct symbols for head-on, rear-end, right-
angle, and side-swipe impacts

Severity Markers Solid filled circles for fatal crashes, open circles
for injuries, crosses for PDO

Temporal Annotations Adding date, time of day, and weather conditions
beside each crash arrow
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Interpreting Collision Patterns for Safety

Countermeasures

The primary power of a Collision Diagram lies in pattern recognition. Clusters
of similar crash types point directly to specific engineering defects.

For example, a cluster of Rear-End crashes suggests inadequate signal amber
time or poor skid resistance; a cluster of Right-Angle crashes indicates poor
sight distance or signal phase deficiencies; and Night-time crashes suggest
inadequate street lighting.

@ Rear-End Clusters: Indicates sudden stopping, inadequate signal yellow
time, or slick pavement

@ Right-Angle Clusters: Indicates running red lights, obscured stop signs, or
sight obstructions

@ Head-on Clusters: Indicates lack of median separation or improper
overtaking clearance

@ Single-Vehicle Run-Off-Road: Indicates sharp unbanked curve, slippery
surface, or poor delineation
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Black Spot ldentification Methodologies

Road networks span thousands of kilometers. Engineers must use objective
mathematical methods to identify and prioritize hazardous locations ('black
spots’) for remedial funding.

Common identification methods include the Crash Frequency Method (ranking
locations by total crash count), Crash Rate Method (ranking by crashes per
million vehicle kilometers), and Severity Weighted Index methods.

@ Crash Frequency Method: Simple ranking based on total crash count per
section per year

@ Crash Rate Method: Adjusts crash count by traffic volume exposure
(MVkm or MEV)

o Rate-Quality Control Method: Combines statistical probability with
volume rates to flag spots exceeding critical crash rate threshold (R.)

o Weighted Severity Method: Assigns higher mathematical weights to fatal
and grievous crashes
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Weighted Severity Index (WSI) Calculation

The Weighted Severity Index (WSI) is the standard metric recommended by
the Ministry of Road Transport and Highways (MoRTH) in India for
evaluating the relative hazard level of road stretches.

WSI assigns numerical weight factors reflecting the social and economic cost

of crash outcomes: Fatalities (K = 5), Grievous Injuries (G/ = 3), and Minor
Injuries (Ml = 1).

e WSI Formula: WSI = (5 x K) + (3 x GI)+ (1 x MI)

@ Threshold Criterion: Stretches of ~500m with WSI exceeding thresholds
are classified as Black Spots

@ Objective Prioritization: Prevents low-severity PDO crashes from skewing
safety investment

Outcome Variable | Weight Factor
Fatalities K 5
Grievous Injuries Gl 3
Minor Injuries Mi 1
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Priority Ranking and Economic Evaluation of

Countermeasures

Once black spots are identified, proposed engineering countermeasures must
be evaluated economically to ensure optimal allocation of limited public safety
funds.

Engineers perform Benefit-Cost (B/C) Analysis, calculating expected
monetary savings from prevented crashes against the capital cost of the
engineering improvement.

@ Crash Modification Factors (CMF): Quantitative ratio estimating
expected crash reduction from an engineering treatment

e Monetary Benefit (B): Annual economic savings from prevented
fatalities, injuries, and property damage

@ Capital Cost (C): Construction and maintenance cost of countermeasure
(e.g., roundabout, signal, realignment)

o Benefit-Cost Ratio (B/C): Projects with B/C > 1.0 are economically
viable; higher ratios receive top priority
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Before-and-After Safety Studies

Before-and-After studies are conducted to evaluate the real-world effectiveness
of implemented engineering countermeasures over a multi-year
post-construction period.

To prevent misleading conclusions, safety engineers must control for external
confounding factors—such as general traffic growth, regional weather changes,
and the statistical phenomenon known as 'Regression-to-the-Mean’ (RTM).

@ Study Window: Comparing 3 years of 'Before’ crash data with 3 years of
"After’ crash data

@ Control Site Comparison: Using untreated control sites to isolate
treatment effect from background trends

@ Regression-to-the-Mean (RTM): Statistical tendency for extreme
high-crash years to naturally return to average

o Empirical Bayes Adjustment: Accounting for RTM to measure true
engineering impact
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Step-by-Step Black Spot Remediation Workflow

Systematic black spot remediation follows a structured 6-step engineering
workflow to ensure lasting safety improvements.

The workflow comprises: 1. Data screening and WSI identification, 2. Field
site inspection and Condition Diagram drafting, 3. Collision Diagram analysis
and pattern diagnosis, 4. Selecting tailored engineering countermeasures, 5.
Project execution, and 6. Post-construction Before-and-After evaluation.

e ) ( N e )
1. WSI Black 2. Condition 3. Collision
Spot ID Diagram Diagram
& J L J & J
e N ( N e l )

6. Before/After 5. Imple- 4. Select
Study mentation Countermeasure
& J L J & J
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Case Study: Intersection Safety Diagnosis

Consider a high-crash un-signalized 4-leg intersection recorded 8 fatal crashes
and 12 grievous injuries over 3 years. WS/ = (5 x 8) + (3 x 12) =76, far
exceeding the black spot threshold.

The Collision Diagram revealed 70% of crashes were Right-Angle collisions.
The Condition Diagram showed high boundary walls obscuring sight triangles.
Remedial Action: Acquiring corner land to clear sight lines and converting the
junction into a modern roundabout.

@ Problem Site: Un-signalized 4-leg intersection with WSI = 76 (Severe
Black Spot)

@ Collision Pattern: Dominance of right-angle broadside impacts

o Condition Diagnosis: Corner structures obscuring Stopping Sight Distance
on approach legs

o Engineered Solution: Removal of sight obstructions and installation of a
40m diameter roundabout

@ Post-Improvement Outcome: Zero fatal angle collisions recorded in 3-year
follow-up study
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Summary of Accident Recording and Analysis

This lecture detailed Condition Diagrams, Collision Diagrams, Black Spot
identification via Weighted Severity Index (WSI), and Before-and-After safety
evaluation.

Mastering these diagnostic tools empowers civil engineers to transform raw
crash records into precise physical diagnoses and cost-effective engineering
solutions, ultimately saving lives across highway networks.

@ Condition Diagrams map physical roadway features and sight line
obstructions

@ Collision Diagrams map directional crash paths and collision patterns
using standardized symbols

o Overlaying diagrams reveals root causes of recurring crash clusters

@ Weighted Severity Index WSI = 5K + 3Gl + 1MI objectively prioritizes
black spot funding

@ Before-and-After studies with control sites evaluate countermeasure
success accurately
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Lecture 6.41

6.1 Highway Traffic Management System (HTMS)
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Concept and Need for HTMS on Expressways

A Highway Traffic Management System (HTMS) is an integrated combination
of electronics, telecommunications, computer hardware, and software deployed
along highway corridors to maintain smooth traffic flow, improve safety, and
rapidly respond to highway emergencies.

High-speed corridors experience catastrophic secondary accidents if initial
disruptions like breakdown vehicles or crashes are not detected and cleared
immediately. HTMS shifts highway management from reactive manual
patrolling to proactive, real-time automated intervention.

The primary engineering objectives of HTMS include reducing travel time
delay, preventing secondary crashes, monitoring vehicle overloading, informing
drivers of downstream hazards, and providing swift medical and mechanical
assistances.

Integration of telecommunications, sensors, and civil infrastructure
Proactive incident management versus reactive manual patrolling
Mitigation of secondary collisions and high-speed multi-vehicle pileups
Enhancement of highway corridor capacity without physical widening
Improvement of user safety and emergency medical response times
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Core Subsystems of an HTMS Network

An effective HTMS consists of several specialized subsystems installed at
strategic intervals along the highway. These subsystems collect data from the
field, process it locally or centrally, and execute necessary traffic control
actions.

The main field subsystems include Video Surveillance Systems (CCTV),
Automatic Traffic Counter and Classifier (ATCC), Variable Message Signs
(VMS), Emergency Call Boxes (ECB), Meteorological Monitoring Sensors
(MET), and Weigh-in-Motion (WIM) stations.

All these field devices are connected via a high-speed Fiber Optic Cable (FOC)
network laid along the highway right-of-way, communicating continuously with
the Central Control Centre (CCC).

- Central
Control
Centre

Emergency
Call Boxes
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Advanced Video Surveillance (CCTV & AID)

Closed-Circuit Television (CCTV) cameras are installed at 1 to 2 km intervals
along expressways and at critical locations such as interchanges, toll plazas,
bridges, and tunnel portals. Modern cameras feature Pan-Tilt-Zoom (PTZ)
capability with 360-degree rotation and high optical zoom.

Integrated with CCTV is Automatic Incident Detection (AID) software. AID
uses video analytics algorithms to automatically spot anomalous traffic
conditions, such as stopped vehicles, wrong-way driving, pedestrians on
expressways, debris on carriageways, and sudden speed drops.

When an anomaly is detected, the AID system instantly alerts control room
operators with visual alarms and camera pop-ups, enabling verification within
seconds.

e CCTV spacing guidelines (typically 1 to 2 km along expressways)
@ PTZ camera functionality for detailed incident verification

o Automatic Incident Detection (AID) algorithms and video analytics

@ Real-time detection of stopped vehicles, wrong-way movement, and debris
@ Reduction of human operator fatigue through automated alarm triggers
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Traffic Data Collection via ATCC and Radar Sensors

Automatic Traffic Counter and Classifier (ATCC) units are deployed at major
section intervals (typically every 5 to 10 km) to collect continuous traffic
volume, speed, and vehicle classification data.

ATCC systems utilize non-intrusive technologies such as microwave radar,
infrared sensors, or magnetic induction loops embedded in the pavement. They
automatically classify vehicles into categories like two-wheelers, cars, LCVs,
buses, multi-axle trucks, and oversized vehicles according to IRC standards.

The collected speed and volume metrics are analyzed to determine the Level
of Service (LOS), occupancy rates, and peak hour traffic patterns across
different highway segments.

Continuous automated volume, speed, and density measurement
Classification of vehicles as per Indian Roads Congress (IRC) norms
Technologies used: Microwave radar, video detectors, and inductive loops
Calculation of Level of Service (LOS) and volume-to-capacity ratios

Data export for highway planning, toll forecasting, and pavement
maintenance
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Variable Message Signs (VMS) & Information

Dissemination

Variable Message Signs (VMS) are large LED display gantries installed over
highway carriageways at strategic points prior to major interchanges, toll
plazas, and accident-prone zones.

VMS displays real-time, dynamic information to drivers, including advisory
speed limits, warnings about downstream accidents, fog conditions, lane
closures, travel times to upcoming destinations, and diversion instructions.

By providing timely and accurate information, VMS allows drivers to adjust
their driving speed, select alternate routes, and exercise heightened caution,
significantly reducing rear-end collisions.

Full-matrix LED gantries mounted over carriageways

Display of real-time alerts: accident ahead, dense fog, lane blocked
Advisory speed limits and dynamic rerouting guidance

High visibility under adverse weather and night conditions

Remote management from the Central Control Room
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Emergency Call Boxes (ECB) & Help Hotline Sy

Emergency Call Boxes (ECB) are roadside voice communication terminals
installed at regular intervals (typically 1 km apart on both sides of the
expressway) to assist stranded motorists during breakdowns or medical
emergencies.

ECBs are powered by solar panels and equipped with backup batteries.
Pushing a single button connects the user directly to the control room
operator via cellular (GSM/4G) or optical fiber lines.

Each ECB automatically transmits its exact geographic coordinates and pole
ID to the central console, allowing operators to immediately dispatch highway
patrol units, ambulances, or towing cranes without location confusion.

Standard spacing: 1 km intervals on both highway carriageways
Solar-powered units with internal battery backups
Single-push-button operation for instant operator connection
Automatic transmission of precise pole location/GPS coordinates
Rapid dispatch of patrol vehicles, tow trucks, and medical response
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Environmental and Meteorological Monitoring

Stations

Meteorological (MET) sensors are installed along expressways to monitor
weather conditions that jeopardize driving safety, particularly in fog-prone,
coastal, or high-altitude regions.

Key parameters measured include visibility distance (using optical
scatterometer sensors), rainfall intensity, ambient temperature, crosswind
speed, and surface pavement temperature (for ice or oil slick risks).

When visibility falls below safe thresholds (e.g., fog reducing visibility to under
50 meters), the MET station triggers automatic alerts on upstream VMS
gantries and advises lower speed limits.

MET Sensor Type Measurement / Function

Optical Scatterometer Visibility distance (detects fog and smog)

Wind Anemometer Crosswind speed (flags hazardous winds on
bridges)

Pavement Sensor Surface condition (wet, icy, or oil slick risks)

Thermometer & Rain Gauge | Ambient temp, pavement temp, and rainfall
intensity
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otion (WIM) & Overload Co

Weigh-in-Motion (WIM) systems measure axle loads and gross vehicle weights
of trucks as they travel at normal highway speeds, without requiring vehicles
to stop.

High-speed WIM sensors embedded in main carriageway lanes identify
potentially overloaded freight vehicles. If an overload is flagged, the vehicle is
directed via static VMS signals to a low-speed WIM or static weigh bridge at
the upcoming toll plaza or exit ramp for legal enforcement.

Controlling vehicle overloading through WIM protects pavement structural life,
prevents premature rutting and fatigue cracking, and reduces severe brake
failure accidents.

Vehicle passes Measure Weight Ng .
[ High-Speed WIM [ 7| & Axle Load 7| Weight OK (Proceed)

Yes

~

VMS directs to
[ Dietore | Hlagsd [ Static Weigh Bridge }

Slide Creator DI04006081: Traffic Engineering 496 / 547



Central Control Centre (CCC) Architecture &

Software

The Central Control Centre (CCC) serves as the brain of the HTMS. It houses
central servers, video walls, operator consoles, GIS mapping systems, and
database storage.

Central HTMS software integrates data feeds from all field subsystems into a
single Graphical User Interface (GUI). Operators can monitor live video, review
AID alerts, track patrol vehicle locations via GPS, change VMS messages, and
coordinate emergency dispatches.

Advanced software modules also archive historical traffic data to generate
analytical reports, evaluate Level of Service, and optimize corridor operational
strategies.

@ Centralized nerve center for highway operations and surveillance

o Large-format LED video walls displaying camera grids and GIS maps
Unified software GUI integrating CCTV, VMS, ATCC, ECB, and WIM
data

@ GPS tracking of highway patrol vehicles, ambulances, and cranes
Database storage for historical analysis and performance auditing
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Operational and Economic Benefits of HTMS

Implementation

The implementation of HTMS yields multi-fold benefits for highway
concessionaires, transport authorities, and road users.

Operational benefits include up to 50% reduction in incident response times,
decrease in traffic congestion delays, higher average travel speeds, and
significantly reduced secondary accident rates.

Economic and environmental benefits include reduced fuel consumption,
lowered vehicle emissions due to smoother flow, extended pavement service life
due to overload enforcement, and reduced economic loss from fatal highway
crashes.

@ Significant reduction in emergency response and incident clearance times
@ Lower accident rates and secondary collision prevention

@ Fuel savings and reduced greenhouse gas emissions

@ Protection of highway assets and extended pavement maintenance cycles
o High Benefit-Cost Ratio (BCR) for expressway infrastructure projects
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Summary: Key Pillars of HTMS

In this lecture, we covered the fundamental concept, sub-components, and
operational framework of Highway Traffic Management Systems (HTMS).

HTMS integrates real-time field surveillance (CCTV/AID), automated
counting (ATCC), driver warnings (VMS), emergency communication (ECB),
weather sensing (MET), and load enforcement (WIM) through a robust
fiber-optic backbone connected to a Central Control Centre.

Understanding HTMS is essential for modern Civil Engineering diploma
graduates entering highway concessionaires, infrastructure agencies (NHAI),
and smart transportation consultancy firms.

@ HTMS shifts highway operations from manual patrolling to automated
management

o Core subsystems work synergistically to enhance expressway safety and
flow

o Fiber-optic communications enable real-time central monitoring at the
CCC

@ Overload control via WIM protects pavement design life

@ Next lecture will focus on Intelligent Transportation Systems (ITS)
framework
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Lecture 6.42

6.2 Intelligent Transportation Systems (ITS)
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Definition and Core Objectives of ITS

Intelligent Transportation Systems (ITS) leverage real-time data collection,
rapid communication, and computerized processing to create a interconnected
transportation ecosystem linking roads, vehicles, and users.

Traditional civil engineering solutions focus primarily on physical capacity
expansion (building more lanes or bridges). However, land constraints and
budget limitations make physical expansion unsustainable. ITS maximizes
operational capacity and throughput using smart digital management.

The key goals of ITS include reducing traffic congestion, enhancing road
safety, shortening trip times, minimizing fuel consumption and carbon
emissions, and providing seamless multi-modal transportation options.

Holistic linkage of infrastructure, vehicles, and commuters

Shift from physical infrastructure expansion to operational optimization
Reduction of travel time delay and fuel consumption

Enhancement of safety by addressing human driver errors

Promotion of multi-modal public transit integration
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Functional Classification of ITS User Services

To standardize ITS deployment globally, international transport agencies
classify ITS services into distinct functional user service bundles.

The major user service categories defined in ISO and National ITS
Architectures include Advanced Traffic Management Systems (ATMS),
Advanced Traveler Information Systems (ATIS), Advanced Public
Transportation Systems (APTS), Commercial Vehicle Operations (CVO), and
Advanced Vehicle Control Systems (AVCS).

ITS User Services

b

APTS
[(Tra nsit)}

ATMS
(Traffic)

ATIS
(Traveler)

AVCS
(Vehicle)

cvo
[( Freight)}
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Advanced Traffic Manag Systems (ATMS)

Advanced Traffic Management Systems (ATMS) integrate real-time
surveillance, sensor networks, and adaptive control algorithms to monitor and
adjust traffic flow across urban streets and rural highways.

ATMS processes real-time data from inductive loops, radar sensors, and CCTV
cameras to dynamically adjust signal timings, manage lane allocations, control
ramp access, and coordinate emergency dispatches.

By reacting dynamically to changing demand patterns and incident
occurrences, ATMS prevents bottleneck formation, smooths traffic flow, and
reduces urban network congestion.

Real-time monitoring and proactive control of roadway networks
Dynamic traffic signal timing adjustment based on real-time demand
Ramp metering on expressways to control freeway merging traffic
Reversible lane allocation and variable speed limit management
Incident management and automated emergency fleet routing
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Advanced Traveler Information Systems (ATIS)

Advanced Traveler Information Systems (ATIS) acquire, process, and
broadcast real-time travel information directly to commuters before and during
their trips.

ATIS delivers information on traffic congestion, road construction, weather
hazards, parking availability, and transit schedules through smartphone apps,
in-vehicle navigation systems, web portals, and roadside Variable Message
Signs.

By enabling travelers to make informed decisions regarding departure times,
route selection, and mode of travel, ATIS balances network demand and
reduces overall congestion.

@ Pre-trip and en-route information delivery to commuters

@ Dissemination channels: Mobile apps (GPS/Google Maps), VMS, and
web portals

Real-time updates on travel times, delay hotspots, and detour routes
Smart parking guidance and transit arrival predictions

Behavioral shift toward trip optimization and off-peak travel
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Advanced Public Transportation Systems (APTS)

Advanced Public Transportation Systems (APTS) apply ITS technologies to
public transit operations (buses, BRTS, trams, and metro systems) to improve
reliability, passenger comfort, and operational efficiency.

Key APTS components include Automated Vehicle Location (AVL) via GPS,
Passenger Information Displays (PID) at bus stops, Transit Signal Priority
(TSP) at intersections, and Automated Far Collection (AFC) using contactless
smart cards.

APTS enhances the attraction of public transportation relative to private
vehicles, encouraging a modal shift that reduces urban traffic volume.

Automated Vehicle Location (AVL) using GPS for fleet tracking
Real-time Passenger Information Displays (PID) at bus stations

Transit Signal Priority (TSP) extending green lights for buses
Automated Fare Collection (AFC) via unified smart cards (e.g., NCMC)
Promotion of public transit usage to reduce private car dependence

Slide Creator DI04006081: Traffic Engineering 505 /547



Commercial Vehicle Operations (CVO) & Automated

Tolls

Commercial Vehicle Operations (CVO) focus on improving the safety,
administrative efficiency, and logistics management of heavy commercial
trucks and freight fleets.

CVO applications include electronic clearance of hazardous goods, automated
weight checking, fleet tracking via GPS, and Electronic Toll Collection (ETC)
systems such as FASTag in India.

FASTag utilizes Radio Frequency Identification (RFID) technology attached to
vehicle windshields, enabling vehicles to pass toll plazas without stopping,
thereby eliminating long queues and fuel wastage.

Automated tracking and administrative clearance for commercial freight
Electronic Toll Collection (ETC) using RFID technology (FASTag)
Elimination of toll plaza stop-and-go congestion and delays

Hazardous material tracking and commercial fleet safety monitoring
Significant reduction in freight transit times across national corridors
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Sensor Technologies in ITS: Intrusive vs Non-Intrusive

Sensors are the eyes and ears of an ITS system, detecting vehicle presence,

count, speed, occupancy, and classification.

resurfacing

Feature Intrusive Sensors Non-Intrusive Sensors

Installation Under/in pavement Above/beside roadway

Traffic Disruption Requires lane closures Minimal/no disruption

Examples Inductive loops, Piezo- | Microwave radar, CCTV,
electric LiDAR

Maintenance Difficult,  impacted by | Easier, accessible without

cutting

Selection criteria depend on roadway geometry, climate conditions, and
required detection parameters (volume, speed, occupancy, length).
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Wireless Communication Technologies in ITS

Reliable, low-latency wireless communication networks are essential for
transmitting real-time data between roadside equipment, vehicles, and central
control servers.

Short-range communications utilize Dedicated Short-Range Communications
(DSRC) operating at 5.9 GHz or Cellular Vehicle-to-Everything (C-V2X)
technology based on 4G LTE/5G networks.

Long-range communications rely on cellular networks, satellite links, and
fiber-optic backhaul cables to transmit high-definition video feeds and large
sensor datasets to centralized databases.

Dedicated Short-Range Communications (DSRC) at 5.9 GHz band
Cellular V2X (C-V2X) leveraging 4G LTE and ultra-fast 5G networks
Low latency (j 10 ms) requirements for safety-critical applications
Fiber-optic backhaul for high-bandwidth control center connectivity
Cybersecurity and data encryption protocols for communication security
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Vehicle-to-Everything (V2X) Communication

Architecture

Vehicle-to-Everything (V2X) communication enables vehicles to interact
wirelessly with their surrounding environment to prevent accidents and
optimize traffic flow.

Through V2X, a vehicle can receive instant collision alerts, optimal speed
advice to catch green lights (GLOSA), or detect vulnerable pedestrians.

Type | Interaction Primary Use Case

V2V | Vehicle-to-Vehicle Collision avoidance, cooperative braking
V2] Vehicle-to-Infrastructure | Signal timing synchronization, hazard alerts
V2P | Vehicle-to-Pedestrian Safety warnings for pedestrians/cyclists
V2N | Vehicle-to-Network Real-time cloud routing and weather feeds
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Data Fusion, Processing, and Decision Support

Systems

ITS networks generate immense volumes of heterogeneous data from cameras,
radar, GPS probes, cellular towers, and weather sensors.

Data Fusion techniques combine multiple raw sensor inputs into a single,
cohesive, high-accuracy representation of current traffic state. Advanced Big
Data analytics and Artificial Intelligence process this data.

Decision Support Systems (DSS) assist traffic operators by automatically
recommending optimal response plans for congestion control, signal
adjustment, dynamic rerouting, and emergency resource management.

@ Integration of multi-source heterogeneous traffic data

@ Data cleaning, noise filtering, and spatial-temporal alignment

@ Al and machine learning for short-term traffic volume forecasting

o Automated Decision Support Systems (DSS) for control center operators
@ Enhancement of network-wide situational awareness
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Summary: Fundamentals of ITS Integration

In this lecture, we examined the overarching framework of Intelligent
Transportation Systems (ITS).

We covered the five core user service areas (ATMS, ATIS, APTS, CVO,
AVCS), sensor modalities (intrusive vs non-intrusive), communication
standards (DSRC/C-V2X), V2X architecture, and central data fusion.

ITS transforms traditional static transportation networks into responsive,
intelligent ecosystems essential for future civil engineering professionals.

@ ITS replaces physical road expansion with smart operational management

o Five core user service domains structure ITS deployment

@ Sensors and V2X communications form the backbone of connected travel

e FASTag (ETC) is a prime example of successful CVO/ITS in India

@ Next lecture will focus specifically on Smart Traffic Management Systems
(STMS)
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Lecture 6.43

6.3 Smart Traffic Management System (STMS)
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es and Need for STMS

Conventional traffic signals operate on pre-timed, fixed signal plans derived
from historical traffic counts. However, actual urban traffic fluctuates
dynamically due to weather, accidents, special events, peak hour shifts, and
roadwork.

Fixed-time signals lead to wasted green light time on empty approaches while
adjacent heavily congested approaches suffer from massive queues and
spillbacks across upstream intersections.

STMS continuously measures real-time queue lengths and vehicle arrival rates
at intersection approaches, automatically adjusting green split times, cycle
lengths, and phase sequences to minimize total network delay.

Inflexibility of pre-timed fixed signal plans during non-recurrent congestion
Inefficient green light allocation causing unnecessary vehicle idling

Queue spillback causing gridlock across adjacent urban intersections
Real-time dynamic adjustment of green split, cycle time, and phase
sequence

@ Reduction of fuel consumption, vehicle emissions, and travel delays

Slide Creator DI04006081: Traffic Engineering 513 /547



Evolution of Traffic Signal Control Strategies

Traffic signal control technology has evolved through four distinct generations
over the past decades.

First Generation: Isolated fixed-time signals. Second Generation: Time-of-Day
(TOD) coordinated systems switching pre-stored plans based on historical
morning/evening peak data.

Third Generation: Actuated signal control responding to local vehicle
detectors. Fourth Generation (STMS): Fully adaptive, network-wide
coordinated real-time optimization powered by central algorithms and Al.

Gen | Control Type Key Characteristics

Ist Isolated Fixed-Time | Pre-timed controllers, no responsiveness

2nd | Time-of-Day (TOD) | Pre-stored plans based on historical data

3rd | Actuated Control Responds to local vehicle detectors

4th | Fully Adaptive Real-time network optimization (SCOOT/SCATS)
Next | Al & Self-Learning Reinforcement learning, continuous adaptation
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SCOOT (Split Cycle Offset Optimisation Technique)

SCOOQOT is a world-renowned real-time adaptive traffic control system
developed in the United Kingdom, widely deployed in major cities globally.

SCOOT uses inductive loops or video sensors installed far upstream from the
stop line (at the entrance to the link) to measure approaching vehicle profile
queues (Cyclic Flow Profiles - CFPs).

A central computer continuously runs a traffic model to make frequent, small
adjustments (a few seconds at a time) to green split, offset, and cycle time
every cycle to minimize network stops and delays.

Developed by TRL (UK); centralized network-wide adaptive architecture
Sensors positioned upstream at link entrances to capture approach profiles
Calculates Cyclic Flow Profiles (CFPs) predicting arrival times at stop
lines

Makes incremental, frequent adjustments to green split, cycle time, and
offsets

Highly effective in dense urban networks with predictable queue buildup
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SCATS (Sydney Co-ordinated Adaptive Traffic

System)

SCATS is an adaptive traffic control system developed in Australia, widely
implemented in Asia, Australia, and parts of India.

Unlike SCOOT, SCATS uses sensors (typically inductive loops or camera
zones) positioned directly at the intersection stop line. It measures lane degree
of saturation (DS) and space re-claim during the green phase.

SCATS operates on a decentralized hierarchical architecture where local
controllers make rapid cycle-by-cycle phase length adjustments, while regional
computers coordinate offsets between adjacent signals.

Developed in Sydney, Australia; decentralized hierarchical architecture
Sensors placed at the stop line to measure lane Degree of Saturation (DS)
Dynamic cycle length and green split adjustment based on space
utilization

Fast adaptation to sudden traffic drops or emergency vehicle overrides
Comparison: SCOOT requires central traffic modeling; SCATS relies on
stop-line saturation
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Al & Computer Vision for Real-Time

Modern STMS implementations increasingly replace traditional inductive loops
with Al-powered Computer Vision cameras.

High-definition cameras mounted at intersections feed live video into Edge Al
processing units running Deep Learning algorithms (e.g., YOLO or CNN
models). The software detects, counts, and classifies vehicles in real time.

Computer vision accurately measures queue lengths in each lane, identifies
vehicle types (cars vs heavy buses), detects illegal turns or gridlock, and
adjusts signal timing dynamically without cutting road surfaces.

Replacement of physical pavement sensors with camera-based Al vision
Deep Learning object detection (YOLO/CNN) for counting and
classification

Real-time measurement of lane queue length and vehicle density
Detection of traffic violations (red-light jumping, stop line cross)
Lower maintenance cost and non-intrusive installation
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Priority Signaling for Emergency and Transit Vehicles

Emergency Vehicle Priority (EVP) and Transit Signal Priority (TSP) are
critical features of modern Smart Traffic Management Systems.

When an approaching ambulance, fire tender, or police vehicle is detected via
GPS tracking or optical/acoustic sensors, the STMS controller overrides
normal signal sequencing to immediately clear the path with a green signal.

Similarly, TSP provides green light extensions or early green returns for public
transit buses carrying high passenger volumes, encouraging transit usage and
improving schedule adherence.

Feature

Emergency Vehicle Prior-
ity (EVP)

Transit Signal
(TSP)

Priority

Target Vehicles

Ambulances, Fire Engines,
Police

Public Buses, BRTS

Mechanism Preemption (immediate | Green extension / early re-
green override) turn

Objective Minimize life-saving re- | Improve schedule adher-
sponse times ence
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Dynamic Corridor Control & Green Wave

Synchronization

A 'Green Wave' is achieved when a series of sequential traffic signals along an
arterial street are synchronized to allow a platoon of vehicles traveling at the
design speed to pass through without stopping.

Traditional green waves use static progression offsets calculated for fixed
speeds. STMS creates Dynamic Green Waves that adjust signal offsets
dynamically based on real-time traffic speeds and queue clearance times.

Dynamic corridor control smooths arterial flow, minimizes vehicle stop-and-go
acceleration cycles, and drastically reduces urban fuel consumption and
tailpipe emissions.

Concept of progression offset and Bandwidth in signal coordination
Dynamic Green Wave adaptation based on real-time travel speed
Reduction of stop-and-go cycles along major urban arterial corridors
Improvement of corridor Level of Service (LOS) during peak hours
Significant reduction in vehicle carbon footprint and brake wear
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loT-Enabled Traffic Sensors & Edge Computing

Nodes

The Internet of Things (loT) architecture in STMS links distributed roadside
sensors, smart signals, pedestrian push-buttons, and environment monitors to
local edge computing nodes.

Edge computing processes video feeds and sensor data locally at the
intersection cabinet rather than sending massive raw video streams across the
network to central servers, reducing network latency and bandwidth costs.

Only processed metadata (such as vehicle counts, queue lengths, and signal
status) is transmitted to the central cloud or command center.

Roadside Raw Data Edge Node Metadata Central S
Sansars (Local) entra erver

a~
Local Control | '

@ Local processing reduces bandwidth and ensures fault tolerance.
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Integrated Command & Control Centre (ICCC)

Integration

Under the Smart Cities Mission in India, Smart Traffic Management Systems

are integrated into municipal Integrated Command and Control Centres
(ICCQ).

The ICCC serves as a unified digital platform connecting traffic control, city
surveillance, emergency services, solid waste management, public transit, and
disaster response.

Inter-agency coordination enabled by ICCC allows traffic police, municipal
engineers, and emergency services to share live video feeds, coordinate joint
responses during major events, and analyze urban mobility trends.

Role of ICCC in the Indian Smart Cities Mission framework

Integration of traffic management with city-wide municipal surveillance
Cross-departmental data sharing: Traffic Police, Municipal Corporation,
Emergency Services

Unified dashboard displaying traffic incidents, signal health, and air quality
@ Data-driven urban transport policy and infrastructure planning
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Implementation Challenges: Infrastructure &

Cybersecurity

While STMS offers transformative benefits, deployment in developing urban
environments faces technical and operational challenges.

Infrastructure challenges include frequent road digging damaging fiber cables,
power outages disrupting controllers, heterogeneous non-lane disciplined traffic
(mixed traffic of auto-rickshaws, bikes, and trucks), and high capital
expenditure.

Cybersecurity is a growing concern, as unauthorized hacking of smart signal
networks could cause deliberate gridlocks or accidents. Robust encryption,
firewalls, and air-gapped backup controls are mandatory.

o Handling heterogeneous, non-lane-disciplined traffic unique to Indian
roads

@ Vulnerability of field fiber cables to physical road construction damage

o Power supply fluctuations requiring UPS and solar backup power

@ Cybersecurity threats: unauthorized signal override and data tampering

o Need for standardized maintenance contracts and trained municipal staff
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Summary: Transforming Urban Mobility with STMS

In this lecture, we explored Smart Traffic Management Systems (STMS) for
urban signalized networks.

We covered the drawbacks of fixed-time signals, the mechanisms of adaptive
algorithms (SCOOT and SCATS), Al computer vision detection, priority
signaling (EVP/TSP), dynamic green waves, edge loT architecture, and ICCC
integration.

STMS equips civil engineers with smart tools to solve urban traffic gridlock
and create sustainable, liveable smart cities.

STMS replaces rigid fixed-time plans with real-time adaptive signal
control

SCOOT (upstream profiles) and SCATS (stop-line saturation) lead
adaptive technology

Al vision enables non-intrusive queue length and vehicle class detection
EVP and TSP prioritize emergency vehicles and public transit buses
Smart City ICCC integration enables multi-agency urban operational
control
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Lecture 6.44

6.1 Highway Traffic Management System (HTMS)
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NHAI and IRC Guidelines for HTMS Deployment

The National Highways Authority of India (NHAI) and the Indian Roads
Congress (IRC) have established detailed technical guidelines for HTMS
deployment on national highways and expressways (e.g., IRC:SP:87 and NHAI
Policy Circulars).

These guidelines mandate equipment specifications, mounting height, optical
zoom capabilities, environmental enclosure ratings (IP66/IP67), sensor
accuracy thresholds, and minimum communication bandwidth.

Compliance with these standard specifications ensures interoperability across
different concessionaire sections, high reliability under harsh weather
conditions, and seamless integration into state and national control hubs.

o IRC:SP:87 guidelines for 4-lane and 6-lane expressways

o Mandatory hardware placement, spacing, and height norms

e Environmental protection standards (IP66/1P67 enclosures for outdoor
sensors)

@ Minimum video resolution and optical zoom requirements for PTZ
cameras

@ Interoperability standards for multi-concessionaire highway corridors
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Incident Management Lifecycle: Detection to

Clearance

Incident Management is the primary operational mandate of an HTMS control
room. The incident lifecycle consists of five sequential stages: Detection,
Verification, Response Dispatch, Traffic Control & Scene Management, and
Scene Clearance.

Detection occurs via Automatic Incident Detection (AID) cameras, ECB calls,
or highway patrol reports. Verification involves control room operators panning
CCTV cameras to confirm the exact nature and severity of the incident.

Response Dispatch mobilizes the required emergency services (ambulance, fire
tender, hydraulic crane, police patrol). Scene Management directs incoming
traffic away from blocked lanes using VMS gantries, while Clearance removes
damaged vehicles and restores full carriageway capacity.

1. Detection 2. Verify 3. Dispatch 4. Manage 5. Clear
(AID, ECB) (CCTV) (Response) (VMS, Cones) (Restore)
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Automatic Incident Detection (AID) Video Analytics

Automatic Incident Detection (AID) systems rely on advanced video analytics
algorithms embedded within roadside edge processors or central servers.

AID continuously monitors video streams to detect specific spatial-temporal
traffic anomalies. Key algorithms include background subtraction, optical flow
estimation, and deep learning object tracking.

Common incidents detected within 10 to 15 seconds of occurrence include
stopped vehicles on active carriageways, wrong-way driving, pedestrians
walking on expressways, dropped cargo/debris, sudden queue buildup, and
smoke/visibility drops inside highway tunnels.

Algorithmic detection of traffic anomalies within 10-15 seconds

@ Detection parameters: Stopped vehicle, wrong-way driver, pedestrian,
debris

Optical flow and background subtraction video processing models
Tunnel safety monitoring (smoke detection, vehicle fire alerts)
Instant pop-up alerts on central video wall with audio alarm triggers
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FASTag and Electronic Toll Collection (ETC)

Integration

Electronic Toll Collection (ETC) via India's FASTag program is an integral
operational component of modern HTMS ecosystems.

FASTag operates on Passive RFID technology in the 860-960 MHz UHF band.
Roadside RFID readers mounted on toll gantries read the vehicle's unique tag
ID as it approaches at speed.

Integration with HTMS allows cross-referencing toll plaza RFID scans with
mainline ATCC sensors and Weigh-in-Motion (WIM) scales. If an overloaded
or blacklisted vehicle passes an ETC lane, the barrier remains closed and alert
flags are dispatched to highway enforcement.

Passive RFID technology operating at UHF band (860-960 MHz)
Automatic toll deduction without vehicle stopping, eliminating queues
Cross-verification with WIM sensors to enforce overload penalties
Identification of stolen or blacklisted vehicles via central databases
Integration with ANPR (Automatic Number Plate Recognition) for dual
validation
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Variable Speed Limit (VSL) & Ramp Metering

Operations

Variable Speed Limits (VSL) dynamically adjust legal or advisory speed limits
along highway segments based on prevailing traffic density, rain, fog, or
downstream accident blockages.

Ramp Metering uses traffic signals installed on expressway entry ramps to
control the rate at which vehicles enter the main highway carriageway.

During peak demand, ramp meters release vehicles in small platoons (one or
two cars per green light), preventing mainline traffic breakdown and
maintaining optimal mainline flow speeds.

Dynamic adjustment of speed limits via digital VSL roadside signs
Lowering speed limits during heavy rain, fog, or downstream congestion
Ramp Metering signals deployed on entry slip roads/ramps

Control of vehicle merging rates to protect mainline capacity
Prevention of shockwaves and sudden braking on mainline carriageways
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Communication Backbone: Fiber Optics &

Redundancy

The reliability of an HTMS depends entirely on its telecommunications
infrastructure. Single-mode Fiber Optic Cables (FOC) are laid in protective
HDPE ducts along both sides of the highway carriageway.

Network topology uses a Ring Redundancy configuration (e.g., Resilient
Packet Ring or Gigabit Ethernet Rings). If a physical cable is severed by
roadside construction work, network traffic instantly re-routes in the opposite
direction around the ring within milliseconds.

Industrial Gigabit Ethernet switches housed in IP66 weatherproof outdoor
cabinets connect field equipment to the main optical backbone.

Single-mode Fiber Optic Cable (FOC) laid in dual HDPE conduits
Self-healing Ring Redundancy network topology

Sub-50 millisecond automatic failover during physical cable cuts
Industrial-grade Ethernet switches with wide temperature tolerance
(-40°C to +75°C)

@ Wireless 4G/5G backup links for emergency failover communication
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Power Supply Infrastructure & Resilience

Field HTMS components operate 24/7 in remote rural locations where main
grid power supply may be unreliable or prone to outages.

Power infrastructure incorporates Uninterruptible Power Supply (UPS) battery
banks providing a minimum of 4 to 8 hours of continuous operation during
grid failures.

Solar photovoltaic panels paired with lithium-ion batteries are widely deployed
for remote Emergency Call Boxes and VMS gantries, ensuring complete
off-grid operational self-sufficiency.

Solar PV Panels Charge LiFePO4
(with SPD) Controller Battery Bank

HTMS Field
Equipment
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Case Study: HTMS on Indian Expressways

Major Indian expressways, such as the Yamuna Expressway (165 km),
Mumbai-Pune Expressway (93 km), Delhi-Mumbai Expressway, and Samruddhi
Mahamarg (701 km), feature state-of-the-art HTMS implementations.

Key features deployed include full CCTV coverage with AID video analytics,
radar-based speed enforcement cameras, automated tolling via FASTag,
solar-powered ECBs every kilometer, and overhead VMS gantries.

Data from these corridors demonstrates a 40% reduction in average emergency
response times, significant reduction in over-speeding violations, and
successful prosecution of lane-discipline violators.

Yamuna Expressway & Mumbai-Pune Expressway HTMS implementations
Samruddhi Mahamarg (Maharashtra): 701 km smart expressway corridor
Integrated speed enforcement radars and ANPR camera networks
Reduction of accident response times from 45 minutes to under 15
minutes

Demonstrated safety improvements and operational efficiency gains
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Key Performance Indicators (KPIs) for HTMS

Evaluation

Transportation authorities evaluate the operational success of an HTMS using
standardized Key Performance Indicators (KPls).

Primary KPIs include Mean Time to Detect (MTTD), Mean Time to Verify
(MTTV), Mean Time to Clear (MTTC), VMS message accuracy, system
uptime percentage (target ; 99.5%), and accident reduction rate.

Continuous monitoring of these KPls allows highway operators to identify
operational bottlenecks, optimize patrol vehicle positioning, and ensure high
service quality for toll-paying commuters.

KPI Metric | Description Target Value
MTTD Mean Time to Detect (incidents) < 3 minutes
MTTV Mean Time to Verify (via CCTV) < 1 minute

MTTC Mean Time to Clear (incident scenes) | < 30 minutes
Uptime System Availability Percentage > 99.5%

Safety Fatal / Secondary Crash Rate Continual Reduction
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Standard Operating Procedures (SOPs) for Operators

To ensure rapid, error-free action during high-stress highway emergencies,
control room operators follow strict Standard Operating Procedures (SOPs).

SOPs define exact protocols for handling specific emergency scenarios, such as
multi-vehicle pileups, hazardous chemical tanker leaks, severe fog, or VIP
convoy movements.

The software automatically guides operators through step-by-step decision
trees: verifying incident location, triggering preset VMS warning messages,
notifying police/fire/medical dispatch, and logging event timestamps for
post-incident audits.

Structured SOP decision trees for control room operator workflows

@ Pre-defined protocols for hazardous material spills, severe fog, and major
crashes

Automated operator prompt checklists embedded in HTMS software
Inter-agency coordination protocols with state highway police and
hospitals

@ Post-incident logging and legal audit trail generation

Slide Creator DI04006081: Traffic Engineering 534 /547



Summary: Best Practices in Expressway HTMS

Operations

In this lecture, we examined the operational, field-level execution of Highway
Traffic Management Systems (HTMS).

We reviewed IRC/NHAI standards, the 5-stage incident management lifecycle,

AID video analytics, FASTag ETC integration, Variable Speed Limits,
fiber-optic ring redundancy, power backup systems, Indian expressway case
studies, and operator SOPs.

Mastering these operational workflows prepares Civil Engineering diploma
graduates to design, deploy, and manage modern access-controlled highway
corridors.

o HTMS operation requires strict adherence to IRC/NHAI engineering
standards

o Rapid incident management lifecycle minimizes secondary crash risks

@ Self-healing fiber networks and UPS power ensure 99.5%-+ operational
uptime

o FASTag ETC integration streamlines toll plaza operations and overload
enforcement

@ Next lecture will explore future trends: Connected Vehicles and
Autonomous Transit in ITS
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Lecture 6.45

6.2 Intelligent Transportation Systems (ITS)
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Connected & Autonomous Vehicles (CAVs) Overview

Connected and Autonomous Vehicles (CAVs) combine two distinct advanced
automotive technologies: Wireless Connectivity (V2X communication) and
Autonomous Driving (self-steering, acceleration, and braking).

Connected vehicles continuously share speed, heading, and position data with
nearby vehicles and infrastructure. Autonomous vehicles use onboard sensors
(cameras, radar, LiDAR, ultrasonic) and Al perception algorithms to navigate
without human driver intervention.

When deployed together, CAVs can drive in tightly spaced platoons, eliminate
human driver error (which accounts for over 90% of traffic crashes), optimize
intersection throughput, and dramatically reduce highway congestion.

Integration of wireless connectivity (V2X) and autonomous driving
Onboard sensor suite: LiDAR, radar, cameras, ultrasonic sensors
Elimination of human error (the primary cause of 90%+ road crashes)
Vehicle Platooning: automated close-following trucks to reduce
aerodynamic drag

Impact on highway capacity: higher throughput due to shorter reaction
times
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SAE Levels of Driving Automation (Level 0 to Level

)

The Society of Automotive Engineers (SAE) defines six standardized levels of
driving automation, ranging from SAE Level 0 (No Automation) to SAE Level

5 (Full Automation).

Level O to 2 require the human driver to actively monitor the driving
environment (e.g., Level 1 Adaptive Cruise Control, Level 2 Lane Centering +

ACC).

Level 3 to 5 shift environmental monitoring to the automated system. Level 3
(Conditional Automation) allows hands-off driving under specific conditions,
Level 4 (High Automation) operates without human intervention in defined
geographic zones (Geofencing), and Level 5 operates autonomously
everywhere under all conditions.

Level | Name

Description

No Automation

Full human control with basic warnings

Driver Assistance

Steering OR acceleration support (e.g., ACC)

Partial Automation

Simultaneous steering AND acceleration support

Conditional

Automated driving with human backup request

High Automation

Driverless operation in specific conditions (Geofenced)

QW N-=O

Full Automation

Slide Creator

Driverless operation everywhere; all conditions
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Cooperative Intelligent Transportation Systems

(C-ITS)

Cooperative ITS (C-ITS) is an advanced framework where vehicles, roadside
infrastructure, and central traffic platforms share real-time information and
coordinate their actions cooperatively.

Unlike standalone autonomous vehicles that rely solely on their own onboard
sensors, C-ITS enables 'extended perception’. A vehicle can 'see’ around blind
corners or through heavy fog by receiving sensor feeds from roadside units or
preceding vehicles.

Key C-ITS safety applications include Cooperative Forward Collision Warning
(FCW), Emergency Electronic Brake Light (EEBL), Intersection Collision Risk

Warning (ICRW), and In-Vehicle Signage (IVS).
Central ITS
Platform

Vehicle 1
(Vav)

Data Share Vehicle 2

(Vav)

Roadside Unit
(V21 / 12V)
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Smart Parking Management Systems & Guidance

Cruising for parking spaces in urban business districts contributes up to 30%
of total urban traffic congestion and causes unnecessary fuel consumption and
driver stress.

Smart Parking Management Systems utilize loT occupancy sensors (magnetic
ground pucks, ultrasonic overhead sensors, or Al cameras) to detect real-time
parking space availability.

Data is transmitted to roadside variable message signs and mobile navigation
apps, guiding drivers directly to available spaces, allowing advance slot
reservation, and enabling automated digital payment.

Mitigation of urban cruising traffic (up to 30% of downtown congestion)
Sensory technologies: Ground magnetic sensors, ultrasonic, Al cameras
Real-time guidance via roadside VMS and mobile app interfaces
Advance slot reservation and dynamic parking pricing algorithms
Automated license-plate payment (ANPR) eliminating parking gates
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Electric Vehicle (EV) Infrastructure & Smart

Corridors

The rapid global transition to Electric Vehicles (EVs) requires integrating EV
charging infrastructure with highway network management and electrical
power grids.

Smart Charging Corridors use ITS to inform EV drivers of real-time charger
availability, waiting queue times, and plug speeds at upcoming highway rest
stops, preventing range anxiety.

Furthermore, dynamic V2G (Vehicle-to-Grid) integration and smart grid
balancing optimize energy distribution so that fast-charging heavy buses or
trucks do not overload local power grids during peak hours.

Integration of EV charging stations along highway right-of-way
Real-time display of charger availability, power rating, and queue times
Prevention of driver 'range anxiety' on long-distance expressways

Smart Grid integration and dynamic demand-response load management
Future concept: Dynamic Wireless Inductive Charging embedded in road
lanes
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Al & Machine Learning for Predictive Traffic Flow

Traditional traffic forecasting relies on static mathematical models (such as
gravity models and macroscopic speed-density equations). Modern ITS
leverages Al and Machine Learning (ML) for short-term predictive modeling.

Deep Learning models (e.g., Recurrent Neural Networks - RNN, Long
Short-Term Memory - LSTM, and Graph Convolutional Networks - GCN)
analyze historical and real-time sensor streams to predict traffic volume and
speed 15 to 60 minutes into the future.

Predictive capabilities allow traffic management centers to take proactive
preventive actions—such as lowering advisory speeds or adjusting signal
splits—before congestion actually forms.

@ Shift from static travel demand models to real-time Al prediction

@ Deep Learning architectures: LSTM, GCN, and Transformer models
@ Short-term traffic state forecasting (15 to 60 minutes ahead)

@ Proactive congestion mitigation before queue formation occurs

@ Enhanced accuracy in travel time estimation for navigation systems
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Environmental ITS: Noise & Emissions Reduction

Environmental ITS (e-ITS) applies smart technologies specifically to monitor,
assess, and minimize the environmental impacts of road traffic.

e-ITS integrates roadside air quality monitoring sensors (measuring PM2.5,
PM10, NOx, CO2) and sound level meters with traffic signal controllers.

In Eco-Routing and Low Emission Zones (LEZ), e-ITS dynamically diverts
heavy diesel trucks away from sensitive residential zones or school areas during
high pollution alerts, and promotes eco-driving speeds that optimize fuel
efficiency.

@ Integration of air quality sensors (PM2.5, NOx, CO2) and noise
monitoring

@ Dynamic Low Emission Zone (LEZ) enforcement and vehicle access
control

@ Eco-Routing navigation directing heavy diesel freight away from urban
centers

@ Green Light Optimal Speed Advisory (GLOSA) to reduce idle emissions

o Quantitative environmental impact assessment for urban mobility
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Big Data Analytics & Transportation Cloud

Architectures

Modern transportation networks generate Petabytes of mobility data daily
from GPS probes, connected vehicles, cellular towers, transit smart cards, and
traffic sensors.

Cloud-based Mobility Data Platforms ingest, clean, store, and analyze this Big
Data using distributed frameworks (such as Hadoop or Spark).

Transportation planners and civil engineers use Big Data analytics to generate
origin-destination matrix heatmaps, identify recurring bottleneck locations,
evaluate infrastructure investments, and plan future transit corridors.

@ Ingestion of multi-source Big Data (GPS probes, cellular data, smart
cards)

Cloud data lake architecture for high-scalable transportation analytics
Automated generation of Origin-Destination (O-D) matrix heatmaps
Identification of recurring bottleneck locations and choke points
Data-driven civil infrastructure planning and asset management
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Policy, Legal, Cybersecurity, and Privacy Issues

The deployment of connected and autonomous ITS technologies introduces
complex non-technical challenges that must be addressed alongside civil
engineering designs.

Key challenges include legal liability (who is responsible when an autonomous
car crashes?), cybersecurity threats (hackers manipulating traffic signal
networks or spoofing GPS), and commuter privacy concerns regarding
continuous vehicle tracking.

Governments are developing strict data privacy laws (e.g., GDPR, Digital
Personal Data Protection Act), ISO cybersecurity standards (1SO 21434), and
automated vehicle safety certification frameworks.

o Legal liability frameworks for Autonomous Vehicle (AV) crashes

o Cybersecurity threats: Signal network hijacking, GPS spoofing,
ransomware

o Data privacy protections for vehicle tracking and commuter location data

@ ISO 21434 cybersecurity engineering standards for automotive systems

@ Need for multi-disciplinary policy frameworks involving engineers, lawyers,
and ethicists
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Roadmap for ITS Implementation in India

India’s National ITS Framework, led by the Ministry of Road Transport and
Highways (MoRTH), NHAI, and Smart Cities Mission, outlines a strategic
roadmap for adopting smart mobility.

Key national initiatives include nationwide FASTag electronic tolling,
Automated Vehicle Location Tracking (AIS-140) for public transport, National
Common Mobility Card (NCMC), and Integrated Traffic Management Systems
(ITMS) across 100 Smart Cities.

Future focus areas for Indian Civil Engineers include adapting ITS algorithms
for mixed non-lane-disciplined traffic, expanding rural highway HTMS
coverage, building EV charging corridors, and preparing infrastructure for
C-ITS.

MoRTH & NHAI AlS-140 Std. N NCMC
ITS Framework (GPS & Panic) (Unified Fare)

Mixed Traffic
Algorithms
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Summary: Course Conclusion & Future Directions

In this final lecture of Traffic Engineering (DI04006081), we explored the
future horizon of Intelligent Transportation Systems (ITS).

We covered Connected and Autonomous Vehicles (CAVs), SAE automation
levels, Cooperative ITS (C-ITS), Smart Parking, EV infrastructure, Al
predictive modeling, Environmental ITS, Big Data analytics,
policy/cybersecurity challenges, and India’s national ITS roadmap.

Congratulations on completing Unit 6 and the entire Traffic Engineering
course! You now possess a comprehensive understanding of traffic studies,
control devices, operations, safety, and emerging smart technologies.

CAVs and C-ITS redefine future road safety and network throughput
Smart Parking, EV corridors, and Al prediction enhance urban mobility
Big Data analytics replaces manual traffic surveys with digital insights
Civil engineers play a central role in designing smart digital infrastructure
Course conclusion: Traffic Engineering principles prepare you for modern
infrastructure careers
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